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0. INTRODUCTION
An important aspect of the design and evaluation of maneuverable
and advanced ballistic reentry vehicles is the determination of the
inviscid flow field surrounding the body. The inviscid flow field
provides surface pressure distributions required for determining the
aerodynamic loading on the vehicle and other surface information which
is needed as input for determining surface heat transfer rates and other
boundary layer effects. A cost effective method for obtaining this
information is to use high-speed computer codes which numerically solve
the steady, three-dimensional, inviscid flow equations associated with
arbitrary shaped reentry vehicles flying at supersonic/hypersonic speeds.
The numerical calculation of the inviscid flow field over reentry
vehicles is divided into two parts—--the blunt body region calculation
and the supersonic region calculation (see Fig. 1). The blunt body
region calculation determines the transonic flow field near the stagnation
point. The supersonic region calculation determines the flow field
downstream of the blunt body region. The differing nature of the flow
in these two regions requires significantly different computer codes
for calculating each region. The blunt body region is computed first
and is continued downstream until supersonic flow is established everywhere
in the shock layer. The computed results from this calculation are used
to establish an "initial” data plane which is used to start the supersonic
region calculation. This latter portion represents the majority of the

total flow field on maneuverable and high performance ballistic reentry

vehicles.




NSWC/WOL/TR 77-28

bow shock wave
r= C(¢l%)

r=c(®3) F

intial p\ane

/
. -1
| « = tan (V_) . . y
' vy superSonic region
v L
p=sin (T
Vol blunt booly
Y‘C%lon
e
: Fig. 1. Computational regions and cylindrical coordinate system for

b reentry vehicle inviscid flow calculations.
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In this report, a computer code for performing the supersonic region
calculation is described. This code is based on the conservation law
form of the steady, inviscid equations. Codes of this type are sometimes
referred to as shock capturing techniques since internal (embedded)
shock waves in the flow field are computed in an approximate manner without
explicitly locating (or tracking) the shock surface. The present code
incorporates improved numerical methods at the body surface and the bow
shock wave which yield a wider applicability to missile design than
existing codes of this type (e.g. ref. 11,

This report is divided into two parts. In Part I, the partial
differential equations, boundary conditions, and finite difference
equations which are the basis of the computer code are discussed. In
Part I1, the fcrtran computer code is described. A companion reportk,
the Users' Manual, contains detailed instructions for running the code
on CDC 6000 series and 7600 machines and foi1 interpreting the output

results.

*Solomon, J. M., Ciment, M., Ferguson, R. E., Bell, J. B., and Wardlaw, A. B.,
A Program for Computing Steady Inviscid Three-Dimensional Supersonic Flow
on Reentry Vehicles - Vol. II: User's Manual, NSWC/WOL TR 77-32
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PART I: ANALYSIS
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1. NOTATION (PART I)

Symbhols
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sound speed

body geometry parameters; see, (3.16a) and (3.16b)

see (3.3d)
see (3.9c)

reference area for force and moment coefficients
nondimensionalized by Rg (see Fig. 7)

s i maida

see (A-5a)

characteristic matrix (Appendix A)
body shape function

see (3.3d)

see (A-5b) i

shock shape function

see Fig. 7
see (3.9c) i

step size factor, see (3.25)

see (3.22)

unit vectors in z,r,¢ directions, respectively
see Fig. 4 and (4.3)

see (3.3e)

see (3.3c)

see (2.1b)

clustering transformation, see (3.2)

see (3.3a)

aerodynamic force components,
see Fig. 7 and (5.1) - (5.3)

see (2.1b)

L
1




T —

M:,MC,MC
n’y

=3 2

NSWC/WOL/TR 77-28

clustering transformation, see (3.2)
see (3.3b)
see (2.1b)
enthalpy,

total enthalpy, see (2.2)

see (3.8b)

0 or 1, determines scheme, see (3.6a) and (3.6b)
step number

thermodynamic derivatives, see (3.16) and (A-4)

characteristic null vectors, see Appendix A

denotes mesh point Y = Y , see (3.4)

limit mesh point for wall entropy reduction,
see Sec. 4.2

value of m corresponding to Y = 1, see Figs. 2
and 3

free stream Mach number

aerodynamic moment components about
C, see Fig. 7 and (5.4) - (5.6)

Mach number in front of oblique shock, see (4.9)
denotes mesh point X = Xn, see (3.4)
normal vector

value of n corresponding to X = 1 (bow shock),
see Figs. 2 and 3

matrix, see Appendix A
pressure

log p

see (3,16a) and (3.16b)
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see (3.19)

(p,u,v,w)

radial coordinate, nondimensionalized by Ro
nondimensionalizing length

see Appendix A

see (3.9¢c)
entropy,

transformation quantities, see (3.3h) and (3.3i)
velocity component in r direction

conservation vector, see (2.la)

averaged values of U, see (4.11)

velocity component in ¢ direction

V\F + v2 + w2
velocity vector

normal component of velocity

velocity compcnent in 0 direction

v + (b¢/b)u

see (3.17a) and (3.17b)

velocity component in z direction

see Fig. 1 or Fig. 7

see (3.1)

10
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coordinates in computational space, see Figs. 2 & 3
see (3.3g)
see (3.3f)

axial coordinate (see Figs. 1 or 6) nondimensionalized
by R
o

z coordinate of moment center C, see Fig. 7

reference length for moment coefficients,
nondimensionalized by R0

axial location of initial plane

center of pressure in pitch, see (5.9)
center of pressure in yaw, see (5.10)

angle of attack, see Fig. 1
angle of side slip, see Fig. 1
see (3.9¢)
see (3.16)
ratio of specific heats
effective gamma, see (3.7)
AX/AY (§ = 0),-AX/AY (3 = 1)
computational mesh spacing, AX = 1/(N-1), AY = 1/(M-1)
step size, see (3.25)
see (3.17a)

turning angle, see (4.7)

see (4.11
see (3.9c§

characteristic values, see Appendix A

see (3.16)

see (3.9c¢)
stability parameters, see Sec. 3.6

11




NSWC/WOL/TR 77-28

2 2

v Vi

v 1 (b¢/b) + bZ
v \/;+ (c /C)2 + c2
= ¢ z
£ = ({>19€2’€3,€4) see (3-163)

density

> >

Gg,T see Fig. 4

¢ azimuthal angle

¢0 7 for the symmetric problem; 27 for the nonsymmetric

problem
¢ see (3.8c)

Subscripts

n,m quantity evaluated at X = Xn’ Y = Ym
s quantity evaluated at bow shock wave
w quantity evaluated at wall
e quantities at upstream and downstream side of body
slope discontinuity in section 4.1 only
i Superscripts
] : . _ .k
3 k quantity at step Z = Z
E. * predicted value (except in Appendix A)
A
';T Other
i.

A dependent variable used as a subscript denotes partial differentiation
[% with respect to that variable; e.g., if b = b(4,2z) then

n - b
n b, "3z
|q| denotes the absolute value of q if q is a scalar and the modulus (or

magnitude) of q if q is a vector.

+ and x denote vector inner product and cross products, respectively.

12
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2. GOVERNING EQUATIONS AND BOUNDARY CONDITIONS

2.1 Steady Flow Equations

Consider a body oriented cylindrical coordinate system r,¢,z
illustrated in Figure 1. With respect to these coordinates, the
conservation of mass and momentum equations for a steady, inviscid,

flow can be written as a system of (weak) conservation laws; i.e.,

g—‘i+g+§§+g=o
where
Ul ow
U = U2 = P+ pw2
U3 pwu
U4 pwv
and
ou pv pu
¥={ pwu ,21=% pvw ,€=-11; puw .
p + ou?'/ pvu o(uz-vz)
pvu p + pv2 2puv

In the above, p denotes pressure and p denotes density and u,v,w are
the velocity components in the r,¢,z directions, respectively. The
energy equation for a steady inviscid flow with an isoenergetic free
stream can be reduced to an algebraic equation; viz,

2 1,2, 2 2

1,2 2y _ . - 1
h + E(u +v+w®) = H_ = h_+ 2(uw+vm+ww).

(2.1)

(2.1a)

(2.1b)

(2.2)

Here h is the enthalpy and H_ is the total energy in the free stream (which

is constant). In the above equations and throughout our discussion, all

lengths are non-dimensionalized by Ro’ some body length; all other quantities

are dimensional.*

#1t 18 understood that the dimenséons are consistent, i.e., velocity has

dimensions of (pressure/density)™ and enthalpy has dimensions of

pressure/density.

13
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The flow is assumed to be in local thermodynamic equilibrium (or
frozen-equilibrium) so that known relationships exist between the thermo-
dynamic variables, p, p, and h. Two other thermodynamic variables will
be introduced later; viz., the sound speed, a, and the entropy, s. We
assume the standard form of the thermodynamic relations which expresses
h, p, and a as functions of p and s. In addition, we assume that s can
be expressed as a function of p and h and also as a function of p and p.
The computational algorithm which will be described in the next section
specifically requires that h = h(p,p), a = a(p,p) and, at certain points,

p = p(p,s)-—-these relations being given either in closed form or as
curve fits. Note that the sound speed can be defined in terms of h(p,p) by
@Y+ & - %2. (2.3)

For the special case of a perfect gas* with ratio of specific heats, v,

‘ we have
and
p/o_ = exp {%‘- (log (p/p,) - (s - s )/c )}, [perf] (2.5)

where c, is the specific heat at constant volume.

R N

*The term perfect gas used herein refers to a gas satisfying the perfect
gas law (thermodynamically perfect) and having constant specific heats
(calorically perfect). Throughout this report equations which are
valid only for perfect gases are followed by [perfl}.

-~
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2.2 Boundary Conditions

The shock layer is bounded by the given hody surface, and the bow
shock wave, which is an unknown to be determined. The body surface is
assumed to be prescribed in the form r = b(¢,z) where the function b(¢,z)
is continuous and piecewise twice continuocusly differentiable. On the
body surface, the boundary condition for inviscid flow is that the normal
component of velocity must vanish, i.e.,
u - bzw - (b¢/b)v =0 (2.6)
The bow shock surface is assumed to be in the form r = c(4,2),
an unknown function, to be determined in the calculation. On the bow
shock surface the Rankine-Hugoniot relations must hold. These relations are:

an= pwv »

Neo
V-nv =V, -av
°° (2.7)

2 _ 2
p+ oV, —pw+omVnm ,

1.2 1,2
h+2y" =h + 3 .

2Vn Aoy 2Vn

o0

>
In the above, Vn = n+7 is the component of velocity normal to the shock
b >, > ) .
surface and, Vt= ¥ - nVn where n is the unit vector normal to the shock

surface given by

> 1 > > Cd) >
n= ;—(cZ e, -~ e + e¢) .
S 5 5 (2.7a)
v =1+ e+ (/o)
where gz, Zr, and Z; are the unit vectors in the z, r, and ¢ directions,

respectively. In (2.7), the subscript « refers to the free stream quantities
(upstream of the shock); all other quantities are values immediately behind

(downstream of) the shock.

15
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3. BASTC COMPUTATTONAL ALGORITHM
The region of the shock laver in which the axial velocitv component

is supersonic (i.e., wra) is referred to here as the supersonic region.

It can be shown ~hat in this region the system (2.1) is of hvperbolic
tyvpe with the z axis as the time-like direction, This implies among
other things that the numerical solution of (2.1), (2.2) can he obtained
by marching stepwise in the z direction. The procedure adopted here
euplovs an explicit finite Jdifference method which advances (i.e.,
determines) the flow variables o,p,w,u,v and the bow shock geometry

CaC 0 to station z + Az using the known quantities at station z.

The step size Az is chesen to satisfv a stability criterion.* The calcula-
tion begins at some plane z = z, in the supersonic region where all flow
quantities and shock geometry are known. This plane will be referred

to as the initial plane. The calculation is continued downstream to

any desired axial station (or until the axial velocity becomes sonic)

bv repeated use of the procedure using the previous z + Az as the next
known station.

3.1 Computational Region and Transformed Equations

In the following discussions two different problems will be considered;

the svmmetric and the non-symmetric prohlems. 1In the symmetric problem,

the bodv is assumed to be svmmetric about the pitch plane (i.¢., in Fig. 1,

I

! the bodv is symmetric about the x — z plane and ¢ 0). The calculation
t for this problem need only be performed for 0€£¢< = since the flow field is

cetyic about ¢ = 0 and ¢ = 7 (wind and lee sides, respectivelvy).

o Section 3.6

2

16
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The planes ¢ = 0 and ¢ = m are symmetry boundaries where all variables are
even functions of ¢ except v which is an odd function of ¢. In the

non-symmetric problem, the body need not be symmetric and/or B # 0. 1In

this problem, the calculation must be performed for 0<€¢ <2n; and all
variables are periodic functions of ¢ with period 2m.

For both problems, the shock layer for zazO is transformed into the
computational region Z_>-zo, 0<X<1l, 0<Y<1l. The transformation is
conveniently expressed as a composite of two mappings. The first is
given by the usual normalizing transformations;

zZ = 2z

x = [r-b(z,¢)1/[c(2z,9)-b(z,¢)] (3.1)
y = ¢/é0

where ¢o is 7 for the symmetric problem and 27 for the non-symmetric
problem. This mapping by itself transforms the shock layer into the
region ;_>_ Zgs 0<x<1, 0£§s 1. The second mapping maps this region
one-to-one onto itself. For computational purposes, it is convenient

to express the second mapping in inverted form, i.e.,

z =7z
X = £(X,Y,2) (3.2)
y = g(Y,2)

where f(0,Y,2) = 0, f(1,Y,2) = 1; g(0,Z) = 0, g(1,Z) = 1. The primary
purpose of the second mapping is to cluster computational points in the
shock layer by choosing f and g appropriately (see sec. 4.3 for a discussion

of this feature). The mapping functions f(X,Y,Z) and g(Y,Z) must be

17
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twice continuously differentiable and be given so that the functions
and their derivatives up to and including the second order are
accordingly smoothly defined. Apart from this restriction (and certain
ones which will be imposed in sec 3.5), the functions f(X,Y,Z) and g(Y,2)
can be arbitrary. When no transformation is desired, then one should
set f:X and g=Y. ’
{
The governing equations, (2.1), when transformed to the computational

space (X,Y,Z) by (3.1) - (3.2) become

3U aF 3G
2L 4 4 22 =
=7 ax+aY+E 0 (3.3)
where
pA
F = sz + Xr¥+ x¢& = Xt oovA (3.3a) .
. er + puA i
;Xd)p + ovA
pB
G = YzU + Y¢ﬂ. = sz + pwB (3.3b)
puB
—Y¢p + ovB
aX Y 3X X ay
= B [(—2% 4 __2 T b4 _9
E E [(BX + Y o+ 3X ¥+(8X + Y )ﬂ]

={we, + (Y T + T X_+T. )p
1 Z Bg £, fg
ov2
R A *
ue St X Tep (3.3¢)

1 fa

] .
2 +
k/el + r[ovu + p(X¢Tf4 + Y(ngS Tf7)]}

*The awkward appearing notation (Tf » T etc.) follows the FORTRAN

formulation of our code. 4 6

18
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In the above,

- 1 - 1
A= sz + Xru + rX¢v s B = Yzw + rY¢)v (3.3d)
ey = oG+ AT, + BT 4wl +T.) (3.3e)
4 Es 6 7
Y, = - gg/8y » Yy = 1700 8y) (3.3f)
, )
X = l/[fx(c—b)]
X, = = (f, + Y E)/E + X [(E-Db, - fc, ] p (3.38)
X =-YFf + £- -
) ofy/fx + X L(E-Db =~ e ] )
Tg ™ Byy/ey Teg Bzy/8y (3.30)
Tf4 = fXX/fX . Tf7 = Y¢fo/fX - (b¢—c¢)/(c—b)
(3.31)
- T + - (b - -
Tt g (fx + Ypfyy)/fy = (b =c,)/(cD)

Note that in the above, the body slopes, bz and b¢, are derived from the
given body geometry function; the shock slopes, c, and c¢, are unknowns to
be determined in the calculation.

The system of partial differential equations (3.3) is discretized and

solved numerically in the computational space using a mesh defined by
(XY )X = (n=1)AX (n=1,2,¢-4,N), Y = (m-1)a¥(m=1,2,---M)}  (3.4)

where AX = 1/(N-1) and AY = 1/(M~1). 1In Figures 2 and 3, we depict typical

discretized computational planes Z = z = constant and the corresponding
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physical planes for the symmetric and non-symmetric problems, respectively.
As indicated in the figures, there are four types of points each requiring
differing numerical procedures; interior points corresponding to
n=2,+++ N-1; m=2,-++ ,M~1; points on the symmetry or periodic boundary planes
Y=0 and Y=1 (m=1 and m=M, respectively); boundary points at the bow shock,
X=1 (n=N); boundary points at the body surface, X=0 (n=1). For all points,
the solution is advanced using predictor-corrector finite difference methods,
i.e., the known solution at Z, say, is used to determine temporary (i.e.,
predicted) values at Z + AZ; then the predicted values are used to determine
the final solution (i.e., corrected) values at Z + AZ.

In section 3.2 - 3.5 below, the particular method used for each of
the above four types of points will be described. We shall assume that the
quantities p,u,v,w,p,c, €42 C, are known for Z = z¥X on the mesh defined by

(3.4). The objective is to determine these quantities on this mesh for

7 = zktl o gk o ag

3.2 Interior Points

The numerical solution for all interior points is obtained by
approximating the system (3.1) by the second-order accurate finite difference
scheme of MacCormack (ref. 2). In the code, either of two MacCormack

schemes can be selected. These are given by (j = 0 or 1):

22
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* Gy
(predictor) 1° =K 4 Az lyk
n,m n,m 37n,m
r (3.6a)
here
where Fk i Fk K ) pk
(SU)k - —( nt+j,m n+j—l,n5 Gj\ﬂﬁ%[_ 'n,m) _ K
32 n,m AX - nY n,m
-
~
k+1 1, k * U, *
r) UV = + U 17 (=
(corrector) n,m Z[Un,m ln’m + /(DZ)n,m]
where T (3.6b)
F* F* * *
(gy)* = ¢ n-j+1,a B ‘njj,m) B (Gn,m - Gn,m—l) B F*
3Z’n,m AX AY n,m
J
In the above, Uk = U(Zk,X »Y ). The quantities Fk R Ck , Ek
n,m n’ m n,m’ ‘n,m’ n,m

are evaluated from (3.3a) - (3.3c¢c) at the point (Zk,Xn,Ym) using the known

quantities p,u,v,w,p,c, and c, with c¢ given by (3.5). The quantities

*
U k+1

nom are the predicted values of U at (2 ,Xn,Ym) from which predicted
’

values of the flow quantities p,u,v,w,p can be determined using the

definicions (2.1a), (2.2), and the thermodynamic relations. (This is

* *

. I3 I3 ’ *
described in the next paragraph). The quantities F , G , F are
n,m n,m n,m

evaluated from (3.3a) - (3.3c) at the point (Zk+1

,Xn,Ym) using: the
predicted values of p,u,v,w,p, C 4o s and the corrected values of c.

The predictor and corrector procedure for c, c will be described

$* 2
in the discussion of the bow shock points.

In the above, the flow variables p,u,v,w,p must be determined (or
decoded) from the computed conservation variables UI’UZ’UB’UA arter both
the predictor and corrector steps. For decoding, it is convenient to
introduce an effective gamma defined by

r=1/0 -y, (3.7)
;‘h
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From the definitions (2,la), we have

u = U3/U1 , V= U4/U1 1
(3.8a)

p = U2 - Ulw s P = Ul/w
Substitution of (3.8a) into (2.2) yields
1 9 U32 + U42
h = 5-[}10 -wl], Ho =2H_ - — - (3.8b)
Uy

Substituting p and p given by (3.8a), and h given by (3.8b) into (3.7), we
obtain a quadratic equation for w. The root of this equation corresponding

to w2 > Tp/p 1is

U, [T+ /1-9) U

2 1,2
w = ,» o= (" -DMH GO -1] (3.8¢)
U1 (r+1) o U2

In the case of a perfect gas, ' = v, which is known, and equations (3.8c¢)
and (3.8a) provide the desired decoding formulas. For a more general

gas where h = h(p,p) is given as a curve fit to thermodynamic data, T

is not known a-priori and the decoding cannot be performed in closed

form. In this case the decoding can be performed by solving the nonlinear

equation
1 2
h(p,o)-E(Ho—W)=0

for w. In this equation h(p,p) is the value of h obtained from the curve
fits with p and p defined by (3.8a). In the code, this equation 1is

solved iteratively using the secant method. To start the iteration in the
predictor cycle, the initial guess for w is obtained using (3.8c) with

the value of T from the previous step; the second guess uses (3.8c) with

the value of T defined from (3.7) which results from the initial trial.
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For the corrector cycle, the iteration 1s started similarly except

the initial guess uses in (3.8c) the value of T defined in the predictor
step.

3.3 Bow Shock Points

At the bow shock boundary, the Rankine-Hugoniot relations (2.7)

must be satisfied. These relations give the flow variables at the shock

in terms of the shock geometry c, c¢, and c, (which are unknowns) and the

free stream quantities. In the present procedure, a special system of

equations for c, c¢, and <, is numerically solved using a second-order

accurate predictor-corrector method to advance the shock geometry. This

procedure differs from the more common practice of determining c, using

¢
central differences of ¢ (see, refs 1,3,6,7,8, and 9).

The system of equations used for advancing ¢, c,, and c, is developed

¢
in Appendix A (see, (A-20) - (A~22)). The resulting system is,

dc

3z " S - (/1) e 3.92)

3c 3c Jc

_—1= __Z__ _i

9Z Y¢ Y Yz oY (3.9b)
dc C 3¢ ac c
A -2 2.y & .2 - .
Y e {lls - [(Y¢ = Yz ¥ ) . (cz Yz c¢/Y¢)]} (3.9¢)

where

2
Cy= (o wy =, V) A= (b= B+ (cy/) 1}/,

o«

Cr = {[v8 v, - (c¢/C)Vnw] A+ cz(c¢/c)(p - Pw)}/vi

25
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Ap = [B p, V".,, + o(vs v, - ¢, Vnw)] A+ B o, (V“m - Vn)
2 2 2
(vnw SVt AV o+ K (a /o)vn(vnm - V)]
A =
0 v (82 _ V2)
nm n
8y = = yw? - ahi+ e /)] + [u - (e te)v1?
= 22y . 1/73h
Ky Gr)p 1/(39>p
R, = §'6§; + §$-+ E) - (A1 - vspw)[vw + (c¢/°)um]YZ/(Y¢ vs)
LR TR PO ORI
Sp 7 [2 = (R /WD, 3y = LG = (e felv) = A T+ 2K ulo
§3-A_)"(1u/p—1, §‘4=c¢/c+)\_}'(1v/p cx
A= - a8+ u - (e /VIN @ - 2D
3F , 3G
In the above, the quantity §-(5§ + I + E) denotes the inner product of

these vectors., Note that for a perfect gas

F{l =-p/h [perf].

In the case of a more general gas where h = h(p,p) is given as a curve
fit to thermodynamic data, 7(1 is determined numerically using central
differences.

The quantities ¢, ¢,, and cz are advanced using predictor-corrector

¢

methods in the form:

26
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*_ k o k

Cm c + Z (aZ N,m

(cg)n = (c)s + 42 <—¢-; (predictor) (3.10)
* k €2k

(cz)m = (Cz) + AZ ( )N,m

k+1 1 k

Cm = E [ + c + 2z (SEON m]

(C¢):+1 = %‘[(c¢)$ + (c¢) + AZ (SEQ)N m] (corrector) (3.11)
)kﬂ-l[( )k+ )*+A7(ai* ]

(cz m 2 ¢2’m (cz m © '3Z ‘N,m

where in both the predictor and corrector steps the derivatives
3¢ Jc ac

37 37 and SE_ are determined using eqs. (3.9a) - (3.9¢). In the

predictor step, (3.9a) - (3.9c) are evaluated at (Zk, 1, Ym) with the

Y-derivatives approximated by

and the X derivative, ggy approximated by

ko gk
3F. k N,m _ N-1,m
AX :

In the corrector step, (3.9a) - (3.9c) are evaluated at (Zk + AZ, 1 ’Ym)

using the predicted values of the flow variables and shock geometry

(corrected value of c, see below) with the Y derivatives approximated by
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and %% approximated by

N TR + 7K
(QE)* N,m N-1,m 4+ _N,m N,m-1 N,m-2
3X’N,m ¥ AX AX

The latter formula 1s used to achieve second order accuracy. The corrector

for the shock shape ¢ is performed before the corrector for c¢, and c,-
Jc
This allows the use of corrected values of ¢ in the evaluation of Szg and

ac

EEE in the corrector step and also in the Rankine-Hugoniot relations.

After advancing c, c¢, and c, in the predictor (or corrector), the
predicted (or corrected) values of the flow variables at X = 1 are
obtained from the Rankine-~Hugoniot relations. These are rewritten for
the purpose of the computation using the effective gamma defined by (3.7).

The result is

2_ V2 (r-1) (r_-T)'
-1 o V2 sl V2 - D) - s
P r+1 Pe P n_ P n_ Pl Tm-l
2.2
p=o0_V [ V. +p_ ~-p) > (3.12)
o« nm o - o
v
n_ 0
u=u_ + (———) (1 - w=w - (u-u)dc,v=v_ - (u-=-u)lc,/c)
o \)5 0 @ oo z o [ ¢

In the above, Vn is the free stream velocity component normal to the

shock and wm,vm,:m are the free stream velocity components given by

V°° cosB cosa, V_ (cosB sina sin$ - sinB cosé), and -V (cosR sina cosé

+ sinf sin$), respectively. For the case of a perfect gas, ' =T _ =,
and (3.12) give directly the flow quantities at X = 1 since Vn is known

oo

when ¢, c¢, and cz are determined. For a more general gas where h = h(p,0)

——— e aam e
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is given as a curve fit, the Rankine-Hugoniot relation must be solved
numerically. This is done by solving the nonlinear equation

1 2 2
h(P,O) - hoo - 2 (vn - Vn) =0

o0

for Vn. Here h(p,r) is the value of h from the curve fits with p and p
defined using the first and third equations in (2.7). This equation
is solved iteratively using the secant method. To start the iteration,

the required two estimates of Vn are obtained using

Vv =0 _V_ /o
n ® ‘n_
For the first estimate, p is the value obtained from (3.12) with T the

previous value in the predictor step and the predicted value in the

corrector step. For the second estimate, the value of T resulting

from the first estimate is used.
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3.4 Body Surface Points

At the body surface, X = 0 (n = 1), the boundary condition (2.6)
must be satisfied. Our computational method for the points on X = 0
utilizes a special system of equations which is valid only on the body
surface. These auxiliary equations are developed in Appendix A (see (A-10),
(A-11), and (A-13) of Appendix A). Before giving the completely expanded
forms of these equations, we will discuss the basic computational method.
The basic variables on X = 0 are the natural log of the pressure,

P = log p, the quantity V_ = v + (bé/b)u, and the entropy, s. These

2

quantities are advanced on X = 0 using predictor-corrector methods in the

form:
,, P;,m = Pt,m + AZ(%,Eg)i’m =~
; (VZ)I,m = (VZ)T, + AZ(;;Z)E,m } (predictor) (3.13)
L ™ Stm 26D ]

k+1 _ 1.0k * 1 3p * ]
= = + 2, (—

Pl,m Z[Pl,m + Pl,m Az 32)1,m]
L}
_ K+l 1 K ko Wy % ) (3.14)
;f (\/2)1’m = E{(vz)l’m + (VZ)l,m AZ(aZ )1,m] } (corrector .
[]
K k+l _ 1. k * As ¥
e Lom = 2080 ,m ¥ Spm T 026G 0l

! -/
where in both the predictor and corrector steps the derivatives

5 A
%g, ;72, and ;; are determined from eqs. (A-10), (A-11), and (A-13).

: 30
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(The completely expanded form of these equations will be nresented below

in this section). After both the predictor and corrector steps, the flow
variables o u,v,w,p are determined as tollows. From the computed value
of P, we c¢htain the pressure; i.e., p = exp(P). Using thermodynamic rela-

tions, we obtain p and h from p and s, It follows from (2.2) that

2 2 2 2
Vi=u +w +v =200 - h) and from (2.6), we have

j
w = \J[1+(b¢/b)2]V2—V§ /v,
2 2 2
vT = 14b +(bh /b)°
w Z 5
} (3.15)
p— T -— 2
v = [\2 (b¢/b)hzw]/[1 + (b¢/b) 1,
u=bw+ (b, /b)v
z ¢
_J

Note, the boundary condition (2.6) is satisfied by both predicted and
corrected values of the flow variables.

The above formulation, of identifying the variables P, V2, and s as
the variables to be advanced at the boundarv, provides a form of the
equations which allows one to maintain an accurate approximation through
regions where the flow nonuniformity develops and remains adjacent to
the body surface (e.g. entropv lavers on hlunted slender bodies).

Other formulations which utilize finite differencing in the vicinity of
such flow non-uniformities characteristicallv are differencing nonsmooth
flow quantities and hence require some lucil modifications to maintain

the calculation. However, our formulation allows one to advance the
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solution by the differencing of only smooth quantities. In order to see
why this is so, first observe that, since such nonuniformities lie along

the body surface which is a stream surface, they have the

character of a contact discontinuity. It is known (c.f., ref. 4, p. 317-18)
that across such a discontinuity only the pressure and the normal component
of velocity can never experience jumps. Now consider the present wall

point computation. The only X differences required are in (A-10), the
equation for pressure. The quantities V2 and s are advanced using only
quantities defined on the wall. Further, the only quantities differenced

in the X direction are p and A. But, p is smooth across the nonuniformity

and A at the wall is, except for a factor in&biving geometry, the normal
component of velocity which is also smooth across the nonuniformity.

Hence, the wall point calculation remains well behaQed. Consider now the
calculation for the adjacent interior point, X = AX. 1In either the predictor
or corrector (depending on j=0 or 1) an X difference of F must be taken
across the nonuniformity. But at X = 0, F involves only the pressure and
geometry (since A = 0 at the wall in both the predictor and the corrector).
Thus, in the calculation at X = AX, the X difference of F is unaffected

by the nonuniformity.

AY

The formulas used for determining %%3 SEZ’ and gg’in (3.13) and (3.14)

are (A-10), (A-11), and (A-13), respectively. The actual formulas used
in the code are obtained by expanding these equations using the boundary
condition (2.6) and noting that at X = 0, Xz = - bzxr and X¢ = - b¢Xr.
From (A-10), we obtain

3p . dp _ 1 A _
37 = XrA+BX Bl{pw[k_'_,aX (a./.w + aav)] +P} (3.16)
32
- Sy-amee . © vees - S e 'v‘h---olﬁ “Taes. 1ewma )
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where

= BV .36
P p Yyt whe, + g

+ pleg (TgY +T )+-€ (T Y¢+b /b)] (3.16a)
&5
' a (B 17b,)
X, = — ——) -[1+<i>1
w —a
3b_
a7 = SE_ = bzz - bz¢Yz/Y¢
3(b,/b) b b
- ¢~ _1 __z9¢ _ - 12
a, 32 b[bz¢ b (b¢¢ b¢/b)Yz/Y¢>]

E = (51’52’€3’E4)

2 2
VALEVIR /) s By = by = Ay WA e

faal
[}

S T

f3 = wakAJo-1, &, = wikd /o + b, /b

=@ =
Ky =GR, = V@D,

: 3G
In the above, the quantity 5'5? denotes the inner product of these vectors.

Note that for a perfect gas 7{1 = - p/h; for a more general gas f(l is

determined numerically using central differences in the curve fits. i

From (A~11), we obtain

V2
F = aAU +V/pw (3.17)
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where
- .—a—g-_ - 2
Y= 5y ~ PVb_/b b(TgSY¢ + b,/b) (3.17a)
(n s N ,n3,n4)
ny = V2 » Ny = o , ng == b, /b , n, = -1
Equation (A-13) remains
s _ _B3s
32 - "Wy (3.18)
In the predictor step (i.e., (3.13)), the quantities éﬂi
W BZ 1,m’
(322)1 , and (32)1 n are obtained by evaluating (3.16) - (3.18) at

(Zk,O,Ym) with the X partial derivatives replaced by

9 - -, M >
(ax)l m AX ‘

and the Y partial derivatives replaced by

k
)LLm

- (

Ak ( )1 mhl "
2Y’1,m AY

For the corrector step (3.16) - (3.18) are evaluated at (Zk + AZ,O,Ym)
using predicted values of the flow variables with the X partial derivatives

replaced by

(
3 %
(ax)l mo AX

and the Y partial derivatives replaced by

-
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An alternative proceedure for the wall point calculation can be
obtained by rewritting (3.16a) and (3.17a) using the definitions of G

and s (2.6) and (2.2), and the thermodynamic relation (A-12), i.e.,

P - LY 1 Bw _ 3p
bv +[bY + 2b¢Y¢+(2 Yz))\+]3Y

- pB (a.w + a3v)

5 (3.16b)
T v w 3 (v/w)
+ pwx+{(Tf g Y w4+ b Tf + b[Y¢ ¥ + bz]}
6 6 7
where
b
- —zz
a5 = 3y = bye/Y,
(b¢/b) )
ay = —g— = [b¢¢/b - (b¢/b) ]/Y¢
and
3V
- _2y_ 1,3 pvw
v pB(agu - 53 s Yy - b, (3.17b)

We have found that the use of (3.16b) and (3.17b) instead of (3.16a) and
(3.17a) can in certain instances yield significantly different numerical
results. The use of (3.16a) and (3.17a) appears to provide better-results on
the lee-side of bodies at large angle of attack; in fact, in sphere-cone
calculations the use of (3.16a) and (3.17a) yields numerical results

at large angles of attack where the calculation using (3.16b) and (3.17b)
fails. On the other hand, immediately downstream of discontinuities in

body slope which produce large expansions, the use of (3.16b) and (3.17b)
produces numerical results where the calculation using (3.16a) and (3,17a)

fails. The reason for these differing numerical behaviors,using essentially
35
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equivalent analytical formulas, is not understood at the present time.
In the present code, both formulations are available; either form can be
selected by the user. The scheme using (3.16b) and (3.17b) is automatically
used by the code after certain discontinuities in body slope are encountered
(see section 4.1 for details).

In both formulations, the X partial derivatives appearing in (3.16)
are forward differenced in both the predictor and corrector steps. This
makes the numerical solution at the wall formally first order accurate.
Both formulations can be made formally second order accurate (ref. 1)

by adding a correction to the corrector formula for the pressure; viz.,

ktl 1,k * 1 9p,\* 1y 5k
Pl m = 3P o * Bl m + AZIG 3] L+ %) P (3.19)
pl,m
, where
2pk _ pk k
~k _ k k 2,m 3,m 1,m
P 1,m - ()‘+)1,m [(Xr)l,m( AX )
k k
N S B Bl 1.
1'1,m Ax

The termﬁlz’m is computed in the predictor step, using values at (Zk,O,Ym),
and applied in the corrector step.

In the present code, second order accuracy is an option which can be
selected by the user. However, care must be exercised in the use of this
option. The higher accuracy can be achieved only when the computed flow

field near the wall is sufficiently smooth. In certain instances,

i“ e e e Sy e . v mves «,.- ';»..-.n “ase

e,
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specilically downstream of discontinuities in body slope and/or body
curvature, numerical oscillations will occur in the computed wall pressure
when (3.19) is used. The magnitude of these oscillations depends on
the size of the discontinuity; the case of bhody slope discontinuities is
more serious--manv times causing the calculation to fail. The code auto-
matically switches the second order accurate scheme off (if it was originally
selected) when discontinuities in body slope are encountered (see section 4.1
for details)., Note that when the onlv flow nonuniformity present is of
the tvpe lying along the wall (e.g., an entropy layer), the second order
scheme can still be used. This follows because the only quantities which

are differenced in the X direction are p and A which are,as we have

)
previously indicated, smooth quantities up to the wall.

3.5 Svmmetrv and Periodic Boundarv Points

The procedures given above for wall, interior, and shock points must
be slightly modified at the boundary planes Y=0 and Y=1 (corresponding
to m=1 and M, respectively) since some of the differences in the Y
direction require quantities defined at Y = - AY and Y = 1 + AY. The
required quantities are obtained using either symmetry or periodic conditions
depending on whether the symmetric or the non-svmmetric problem is
being considered. Additional considerations come into play when clustering
transformations are being used. For computational simplicity certain
restrictions are placad on the mapping functions f(X,Y,Z) and g(¥,Z).
These restrictions vary depending on whether the symmetric or the

non-symmetric problem is being considered.

—
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Consider first the symmetric problem. Here the planes ¢=0 and
¢=71 are boundaries where all flow variables are even functions of ¢
except v which is an odd function of 4. Since these conditions must be
applied in the computational space (X,Y,Z}, it is natural to impose on
the mapping function f(X,Y,Z), the condition

£4(X,0,2) = £,(X,1,2) = 0 (3.20)

Now, given q,> an even function of ¢ about ¢=0 and © in the physical
plane, it can be shown using (3.1), (3.2), when (3.20) is satisfied,
that in the computational plane

q,(X,-8Y,2) = q (X,AY,2) + 0(aY?)
and (3.21)*

3
qe(X,1+AY,Z) = qe(X,l—AY,Z) + 0(AY7)

further, if qO is an odd function of ¢ about 0 and 1 then
4
q,(X,-8Y,2) = - q_(X,4Y,2)D(0,2) + 0(AY )
and } (3.22)*

q (X, 148Y,2) = ~ q_(X,1-8Y,2) /D(1,2) + 0(ay™

where

D = [2-(gyy/8,)AY1/[2+(gyy/8y)AY]

In the computation for the symmetric problem, the points on Y=0
and Y = 1 + AY are now treated in essentially the same manner as discussed

in the previous sections. Except for the quantities needed on the "fringe" |

planes Y = - AY and Y = 1 + AY. These are determined using either (3.21)
or (3.22). The derivatives of g are determined by direct evaluation of

their analytical definitions at Y = - AY and 1 + AY. Thus, it is required

*The derivation of these expressions is carried out in Appendix B.
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that 2(Y,Z) be defined (and twice continuously differentiable) for
-AY<Y<1+AY. In both the predictor and corrector steps the boundary
conditions

v(X,0,2) = v(X,1,2) = V2(O,Z) = V2(1,Z) =0 (3.23)

are imposed.

Consider now the non-symmetric problem; i.e., all quantities are
periodic functions of ¢ with period 27 in the physical plane. It is
convenient for computational purposes not to destroy this periodicity in
k the computational space; i.e., to have all quantities periodic functions

of Y with period 1. This can be achieved by requiring that the mapping

function f(X,Y,2Z) be periodic in Y with period 1 and that the mapping

function g(Y,Z) be such that [g(Y,Z)-Y] is a periodic function of Y with
. period 1. With these conditions on f(X,Y,Z) and g(Y,Z), all quantities

are periodic in the computational space. The calculation is now performed

: for only M-1 planes (m=1,2,+++M-1) corresponding to 0<Y<1-AY. For Y=0
(m=1) and Y=1-AY (m=M-1) it will be required, in either the predictor or
corrector, to provide quantities on Y=-AY and Y=1, respectivély. These
are determined bv the periodicity conditions -

‘ q(X,-AY,Z) = q(X,1-4Y,2)

\ and > (3.24)

, q(X,1,2) = q(X,0,2)

; where g is anv quantity. -

L v 3.6 Step Size and Stability
The step size A7 is chosen in accordance with the CFL condition
(which is a necessary condition for numerical stabilitv). This condition 1
e
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is that the domain of dependence of the partial differential equations must
be contained in the domain of dependence of the finite difference equations
at all points. The computation of AZ based on this condition is carried
out in Appendix C. We give only the final results here. Note that two
finite difference schemes are available in the code (corresponding to
j=0 or 1 in (3.6a) and (3.6b)) and the CFL condition for each scheme is

different. The CFL conditions for the present code are given by

2_82
AZ S_AX:nin&w . \g
where the minimum is taken over all computational points. At each point,

p is defined by

p o= maX(ul,uz.u3)

where

uy = lua-a®x | + a‘/(wz-az) o+ xi/rz) + (awx )’

uz = ISI[IWB‘aZYzl + a\/(w2+v2-az)(Y§/r2)]

., = ]wA-a2X - 5(wB—a2Y )l

3 2 z
2 2 2,1 2 2
+ a‘/(w -a )[Xr+;2(x¢—sY¢) ]+ (sz-A+<SvY¢/r)

and

AX/BY 4 if  §=0

-AX/AY L, if =1

In the code, AZ is computed using
2 2
AZ =& AXmin{¥ ;q-} (3.25)

where 0<¥ <1 is a numerical constant which can be selected by the user.
Certain adjustments in T can be made when discontinuities in body slope are

encountered (see section 4.1 for details).
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4. SPECIAL FFATURES

4.1 Discontinuitics in Body Slope

Many important flow field applications involve body shapes given by

functions b(¢,z) that contain discontinuous slopes bz and b e.g., bodies

¢’
which have slices and/or flaps and biconics or other segmented body shapes.
It is well known that when such discontinuities appear certain discontinuities

in the flow variables at the surface are produced. Furthermore, these

flow discontinuities generally propagate into the flow field as either

shock waves or expansion fans, Numerically, such discontinuities violate
the assumptions which underlie the basic numerical algorithms. Computing
the flowv field by marching through these discontinuities without any special
provisions produces numerical oscillations downstream of the discontinuity
in both the flow variables on the body surface and in the interior of the
flow. When the discontinuities are large, these oscillations can result in
a program halt or, at the very least, a substantial region of unrealistic

N results.

The present code incorporates special provisions which are used when
certain discontinuities in body slope are encountered. The code approximately
locates these body discontinuities and then coﬁputes the associated flow
discontinuities in the surface flow variables based on a local analysis of
the discontinuity. We have found that this procedure gives, in most cases,

¢ far better results than would be obtained by simply marching through the
discontinuity. The present procedure, however, is not by itself a complete
solution to all the problems associated with body slope discontinuities.
Even though the scheme for interior points is of the '"shock capturing"”

type, numerical oscillations in the interior, downstream of a body
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discontinuity, can develop when the discontinuity produces large expansion
or compression discontinuities. This is a defect in the MacCormack scheme.
In certain instances some numerical oscillations also occur along the wall
immediately downstream of the body slope discontinuity. A consistent
method for computing the body surface points immediately downstream of
discontinuities of this type is not known at the present time. At the end
of this section, after the discussion of the procedure for obtaining
discontinuities in the surface flow variables, various techniques available
in the code for improvin; the downstream calculation will be discussed.

For complicated geometries (e.g., bodies with slices), the precise
location of body slope discontinuities would require a considerable amount
of additional logic and computations. For this reason, in the present
B code the discontinuities are only located approximately; i.e., within at
most AZ. The procedure is as follows. At every step Zk+1 = Zk + AZ,

k
the values of bz and b, are compared to their previous values (at Z ) using

¢

[ = b E ] - 8z max (kb ol 16, K1 > e (4.1)
| |(b¢): - (b¢)§+1| - AZ max {l(bw):I, |(bz¢):;+1|} > e (4.2)
L where ¢ is a small positive number (we use e = 10'6).

When either of the above inequalities is satisfied, the code assumes that

. k +
¢ a discontinuity in bz and/or b¢ exists between Z and Zk 1

At each such value of Y, the body geometry is temporarily modified* at

at Y=Y .
m

k+1
yA by putting the body shape derivatives bz, b¢, bzz’ bz¢, and b¢¢

*The body that 1s in effect created at Z = Zk+l by this convention will

be referred to as the ''modified body."

42




r Y — ———r " —ﬁ
NSWC/WOL/TR 77-28

equal to their values at Zk. This temporarily removes the discontinuities

in the body slopes and the predictor-corrector sequence for the "modified

i body" is performed for the step zktl using the basic scheme as described

in section 3. After the corrector step, the body derivatives which were

modified are put equal to their true values at Zk+1. Also, for each

value of Y where discontinuities were sensed, the flow quantities at the
body surface are changed by applying a local analysis to determine the

appropriate flow discontinuities as if the body slope discontinuity were

located at Z = Zk+1. Note that this special procedure is only applied to

discontinuities ur bz and b, in the Z direction. No special consideration

¢

is given to other discontinuities in body shape (e.g. discontinuities in

b¢ for a fixed Z2).

Let us now turn to the procedure for determining the appropriate flow

‘ discontinuities at the wall points gO,Ym,Zk+1

) where according to the above
procedure discontinuities in body slope have been effectively placed. The
. analysis is conveniently carried out in the physical space (r,¢,2).
Let (ro,¢o,zo)+where r, = b(¢o,zo) be the body surface point corresponding

k+l)

to (O,Ym,Z We will denote the values of quantities associated with the

"modified body'" geometry by the subscript - and the values of quantities

associated with the true body geometry by the subscript +. The modified
{ body geometry will be referred to as the upstream side of (ro,¢0,zo); the
E true body geometry will be referred to as the downstream side of (ro,¢o,zo)*.

All flow quantities on the upstream side of (r0,¢0,zo) are the computed

*This terminology is motivated by the fact that the flow on the surface
t' of the modified body is in the direction of (r ,¢ 2 ).

*The symbol ¢o used in this section bears no connection to its use in other
sections of the report.
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values at this point using the modified geometry and thus are known. The

problem is therefore to determine the flow quantities on the downstream side

of (ro,¢o,zo) given the upstream quantities and the body slopes on both sides.
Because bz and/or b, have different values on the upstream and downstream

¢

sides of (ro, ¢0,zo), there are two distinct body normal vectors at this peoint;

i.e.,
-+ > - -
n_=- (b, /b)_e, + - (b )_e 4.2)
R NN R S U (
> -+ ~>
The situation is depicted in Fig. 4. The vector T = n, xn_ is tangent
to the edge of the discontinuity at (ro,¢o,zo); c.f., Fig. 4. We

> -> >
introduce the vectors o_ = n:x t and consider the two sets of mutually per-
+

pendicular unit vectors, one for each side of (ro,¢0,zo), given by

@ = /IRl & = TR @ = S/1%. .3)

With respect to the above notation, the basic conditions used to determine the
flow quantities on the downstream side of (ro,¢o,zo) are:
v'*"" . . .
i.) I V+-r; i.e., there is no change in the velocity component
3
tangent to the edge.

. - > > >
ii.) The quantities PPy and [V, - (V+'eT)e ] are to be determined

~

<V

so that the inviscid boundary condition +-3+ = 0 is satisfied.
Note that, by computation, the upstream flow satisfies the boundary condition

V_';_ = 0. Also, using i.) and applying the condition V+°;+ = 0, we obtain

Vo= Weede +v e (4.5)
T o, 94
> >
where V. = (V,*e_ ) is the only unknown quantity.
o, + S0,
The actual procedure for carrying out ii.) depends on the value of
VO = V_-;G , the known upstream component of the surface velocity normal
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Fig. 4. Orthogonal directions used in the analysis of body slope discontinuities.
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to the edge. From standard vector identities and V_-Zn = 0, it follows
that
‘ > > > 2 2 > > 2
Vo T |“_I<V_°n+)/\/ln_l R l® - @_enp) (4.5)

When [Vc | < a_, the flow across the edge is subsonic. In this case, a
heuristic procedure is used; namely, the velocity vector is rotated to

> : >
satisfy V+-n+ = 0 assuming there are no discontinuities in ]VI, p, and p;
i.e.,

P, = P_s P, =0_, and V0 =V . (4.6)

+ + O
When |V0 l 2 a_, the flow across the edge is supersonic. This case has
been anazyzed by Prandtl and Meyer in a classical investigation (see; e.g.,
ref. 4, chapter XI). This analysis indicates that the quantities Py sPys
and Vc+ can be determined using classical two-dimensional supersonic turning
relations in the plane determined by K+ and ;_. The angle through which the
flow is turned is given by

o = cos M @, -m) /IR, R (4.7)

There are two cases; viz., V0 > 0 and Vo < 0. When V0 > 0, it follows

from (4.5) that (V_-;+) > 0 and thus the flow is turned by a centered
expansion fan attached to the edge (see, Fig. 5a). When V0 < 0, it follows
that (V_';+) < 0 and the flow is turned by an oblique shock_wave attached

to the edge (see, Fig. 5b). In the latter case, it can happen that conditions
are such that no oblique shock wave exists; e.g., this can occur when 6

is large and/or (V0 /a_)2 is near one. In this situation, the Prandtl-Meyer

analysis breaks down and a heuristic procedure is used. This will be

discussed later in this section.
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Fig. 5. Flow discontinuities in the case Vg > az.
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In the case when VO > 0, Pis Pys and V0 are obtained from the equations
- +
for a centered expansion written in the following differential form,

-~

dp _ _ > 2 —
do pq /Vq /aZ =1
where

28 - (V_-8 )2 - 2n

T . ﬁ (4.8)

o = o(s_,p), h = hip,p), a% = a(p,0)

s_ = s(p_,po_) ‘ _J

In the code (4.8) is numerically integrated on the interval 0<a <96
(where 6 is given by (4.7)) subject to the initial condition p = p_ at
a = 0 using the second order Improved-Euler method with 18 subdivisions.

v

The final results at o = 8 give P, = Po=g> Vo = 9y=p° Py = Py=p*
+

In the case when Vo < 0, P> Py and V0 are obtained using the oblique
- +
shock relations. Consider first the case of a perfect gas. In thils case,

' the shock relations are given in ref. 5 (pp. 9-10); they are reproduced

here for the sake of completeness. Let ?nz = (Vo /a_)2 and solve

—
X3 + c x2 +cx+e =0
1 2 3
. c =- (1 + 2/m?) - v sin?e [perf]
- c, = @MW + /M + [+ D2/4 + (v - 1)/m?1sin?6]| (4.9)
t
) c_ = cos?e/m*

3 B 1

for the middle root (in the above, 8 is the turning angle, see (4.7)).

This value of y is the sine-squared of the shock angle. We then have
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P/p_ = [2¥Mx = (v - DI/ Gy + 1)

[perf]
p lo_ = (v + DM2/[(y - DMy + 2) ¥(4.10)

VoV = W1 - APy - DM+ DTG+ DIy

3
( + _

-/
As we pointed out earlier, (4.9) may not yield a root which is physically

meaningful (i.e.,one that increases entropy) for certain values of M and 6.

This occurs when
3

(2¢® = 9¢c ¢ + 27¢ )2 + 12(3¢,, - c2) >0 .
1 12 3 3 2

Iﬁ this special case, a heuristic procedure is used; namely, a normal shock
wave (i.e., normal to g_) is assumed to exist on the upstream side in front
of (ro,¢0,zo). The flow quantities behind this normal shock are obtained
using (4.10) with x = 1. The final results for Py, Py, and V0+ are obtained

by performing an isentropic expansion from the normal shock values to the

turning angle 6 using a modified Newtonian pressure law; i.e.,

]

2
p, = max {p_, P Sin 8}

S

+ = sl s e ) b =hp e )

ns n . ns

{)+ = D(S+, p+)s h+ = h(p+9 p+)

SRm T e g

= - 2 + -
V0+ -‘/(VO)ns 2 (hns h+)
where the subscript ns indicates the values obtained from (4.10) with

x = 1.
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In the case Vo— < 0 for a real gas, the oblique shock must be ;
determined by iteration., The procedure used is to satisfy the energy
equation
o2+ 2n(0_, p) = & + 2no,, )
where
3_ = ginf Vo— s K+ = cosB VC_ (1 - tan® ctnR)/(tan® + ctnB)
pp=o_d_ /4, , po=p_u_ @_-u)+p_
and B is the shock angle (to be determined). Here 3~ and ﬁ+ are the

velocity components normal to the shock. The algorithm is initiated by

taking sinf > max{sind, 1/ }; the value of sinB is then increased until

the above equation is satisfied ¢(f an increasing entropy solution is

i, €25 il

available). If such a solution does not exist the heuristic procédure

described above for the perfect gas case is used with y =T _,

As we have already pointed out, the calculation downstream of body slope 1
discontinuities is adversely affected by the resulting discontinuities in
the surface flow variables. In order to minimize, these effects certain
optional numerical procedures should not be used downstream of the

discontinuity. These are:

ihiasican,
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i.) the second order accuracy option for the wall point
calculation (see, sec. 3.4)
ii.) the wall entropy reduction option (see, sec. 4.2) when the
discontinuity produces an oblique shock wave
Furthermore, we have found from computational experience that the version
of the body surface point calculation using (3.16b) and (3.17b) gives the
best results downstream of a discontinuity. Therefore, after a discontinuity
in body slope has been encountered at say, Ym, the code automatically makes
the above modifications for the remainder of the calculation on Y = Ym
When discontinuities are encountered which produce large expansion
discontinuities at the surface, the calculation for interior points down-
stream of the discontinuity becomes ill-behaved. Numerical oscillations
appear in the conservation vector U which can produce negative pressure at
isolated points in the interior flow field. For such situations,
the code has incorporated a selective (local) smoothing scheme*. If the

pressure in either the predictor or corrector step is negative at an interior

. k , . .
point (Xn,Ym,Z ) then the conservation vector is redefined using

k + @ Ulr: + Uk )Y/ (& + 2) (4.10.1)

vk
= (U
v ( m n-1,m

n,m ntl,m
where ® is a non-negative integer which is chosen by the user. 1In the
. k . vk ; k
calculation, U is replaced by U and the flow variables at (X ,Y ,Z)
n,m n,m n m
are redefined accordingly. 1In some instances, the computed results are improved
after large expansion discontinuities by reducing the step size. The code

includes an option which automatically does this after an expansion discontinuity

»

- *The application of such smoothing techniques can be shown to yield lrst
order accurate approximations for smooth flow problems.
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by changing the step size to AZ/I where I is an integer greater than or

equal to one which can be chosen by the user. The calculation for

interior points downstream of compression discontinuities is better

behaved than when expansion discontinuities are present and no special

techniques need be applied at interior points in the case of compressions.
Immediately downstream of large compression or expansion discontinu-

ities the wall point calculation is ill-behaved. We have found in computa-

tions for planar compression and, expansion ramps and axially-symmetric

bodies that the region of poor surface results extends from the discontinuity

downstream to a point on the body where the shock wave propagates into the

interior flow past the first interior point (corresponding to n = 2). Based

on these observations, the difficulty appears to be that in the wall point

calculation the differences in the X direction must be taken across the

flow discontinuity until it propagates across the first interior point.

At the present time no rational approach for computing the wall points in

this region which is valid for general three dimensional flows 1is known.

We have found that the following heuristic procedure improves the numerical

results at the wall in this region. After a discontinuity in body slope

has been encountered, which produces a pressure discontinuity at say,

Ym’ the wall point calculation at Ym for subsequent steps 1s performed

while the terms in (3.16) which contain X-derivatives are multiplied

by a factor. This factor increases smoothly from zero at the edge to

unity after a fixed number of downstream marching steps.
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The user can select the number of marching steps for the code to
use this procedure. (When this number is put equal to zero the procedure
is not used.)

In the calculation of complex body shapes (e.g., bodies with slices
and finite span flaps), there can be planes Z = constant where some wall
points have expansion discontinuities, some have compression discontinuities,
and some have no discontinuities. The code logic has been written to
account for such situations with regard to both the determination of the
discontinuities at the body surface and the special numerical procedures
used downstream of the discontinuities.

4.2 Wall Entropy Reduction

, In the calculation of blunted smooth body shapes, the basic scheme will
maintain the wall entropy at the stagnation point value (see, (3.13), (3.14)

o/ and (3.18)). This is the correct value of wall entropy corresponding
to inviscid flow. In the case of a slender blunted body, the flow variables

downstream of the nose develop large radial gradients at the wall (except

for pressure and the normal component of velocity). The region containing
these gradients decreases in thickness as the flow develops downstream.
3 This inviscid phenomenon is known as the entropy (or vortical) layer. As
we have previously pointed out (in section 3.4) the basic computational
scheme is inherently capable of maintaining the correct inviscid value of
wall entropy and performing the calculation when strong entropy layers
are present without using special numerical techniques. In practical

calculations of interest, the entropy layer cannot actually be resolved
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numerically because ultimately the layer's thickness will become smnller
than the radial mesh spacing that one can afford to employ on any computer,
When this happens, the present code computes a flow discontinuity at the
body surface which corresponds to the variation of the flow variables across
the entropy layer. This numerical discontinuity has the character of a
contact discontinuity in that the pressure and normal component of velocity
are continuous across it.

The development of the entropy layer and the corresponding numerical
discontinuity produces at the body surface a flow which has a higher entropy
and lower Mach number than the adjacent interior flow. This has at least
two important effects on the subsequent calculation for the downstream flow
field. First, the low axial Mach number at the surface causes a decrease in
the step size AZ (see, (3.25). Thus, more computational steps are required
and, hence, more computational time is required than if the wall entropy
were at a level corresponding to the adjacent interior flow. Second, the
lower speed flow on the wall can, in the presence of internal shock waves
near the wall, become locally subsonic in the axial direction even though
the adjacent interior flow remains supersonic. The appearance of axially
subsonic flow at any point in the computation immediately halts the
calculation.

It is therefore expedient in some cases to reduce the wall entropy and
thereby reduce or eliminate the entropy layer. The procedure for performing
this given by Kyriss and Harris (ref. 6) is incorporated as an option in the
present code. The method is basically to define the wall entropy by linear

extrapolation from the interior points rather than using (3.13), (3.14)
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and (3.18). This procedure gradually reduces the wall entropy as the

entropy layer develops. The actual algorithm is given by

2 S - S‘,< ;- if Sk > gk
% s 3, m 2,m 3,m
S = (4.11)
1,m
? 1,.k k k k
(9 +
Z(SZ,m S3,nl) ;  if SZ,m < S3,m
25 g% if 5. >8
< - H 1
K+1 2,m 3,m 2,m 3,m
S =
1,m
* * * *
L ) 5 if S, <SS (4.12)

< +
“2,m SB,m

2

The wall entropy is defined by (4.11) or (4.12) for 1<m<ms and by

(3.13) or (3.14) and (3.18) for ms < m £ M where ms is an integer 0 <ms< M
which is selected by the user. Note that when ms = 0, the option is not
used and when ms = M, the option is used for all wall points. Kyriss and
Harris use essentially this procedure only on the windward plane (ms = 1,
for the symmetric problem) and allow the lower entropy to be convected
around the body using (3.18). We have found that ms = 2 works better in the
present code. Note that unless ms = M, there will be no reduction of the
wall entropy on the leeside in a symmetric problem (c.f., (3.18)).

Reducing the wall entropy by the above procedure substantially increases
the step size and thus decreases computer run time without changing the
surface pressure results for smooth body geometries. The other surface
variables, however, are changed considerably. When discontinuities in
body slope are encountered, the associated jumps in the surface flow
variables (see, sec. 4.1) are significantly different depending on whether

or not the wall entropy has been reduced. Further,differences in the computed
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surface pressure distribution develop for a region immediately downstream of
the body slope discontinuity even though the option is turned off after a
discontinuity in body slope is encountered. We have also found that in

some calculations involving windward flaps that the use of this option
resulted in successful calculations, whereas, the calculation not using the
option failed due to the appearance of subsonic axial flow at some point

on the flap.

It should be pointed out here that the above option is a purely heuristic
procedure and there are many open questions associated with its use. No
rational interpretation of the numerical results obtained using the option
has been given--the results do not correspond to inviscid flow in the strict
sense. At the present time it is not known a-priori when (or when not) to
use this option in general circumstances. When new flow configurations are
to be computed, we strongly recommend that where possible a few test cases
should be computed both with and without the option and that the decisions

on the use of the option should be based on a close examination of the

results for physical consistency.
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4.3 Mesh Clustering

In this section the use of the mesh clustering transformations in

our code is discussed. As indicated in Section 3.1, clustering the mesh

in the physical plane in either r or ¢, or both directions, can be

accomplished by appropriate choices of the mappings f(X,Y,Z) and g(Y,Z).
The primary purpose of mesh clustering is to distribute points in the
physical plane (r,¢),Z = const. so that a region of large flow field
gradients will contain relatively more computational points than a region
where there are more gradual changes. The use of such techniques is
fairly common, see refs. 3,7, but very rarely is it carefully described in
terms of its overall efficiency and cost effectiveness.
Our preliminary experimentation with these techniques has revealed
. that a straightforward attempt at incorporating such mappings into flow
field calculations may produce unexpected difficulties. For example,
attempts at clustering mesh points in the r direction near the body surface
to resolve the entropy layer were not successful. It is clear that if
one attempts to fully resolve the types of entropy layers encountered on
missile configurations that the transformations themselves would have to
incorporate such large gradients that computationally the transformations
g could appear to be "discontinuous'.
To illustrate some of the code requirements that must be satisfied
an example is included. Consider the set of transformation functions for

;' (3.2) given by

z=2
(z - 2 )% +X
¥ = = 2 2
x = f(X,Y,2) 7 - ZO) 1 s 22 z,
: 2
e _ z - zo)Y +Y
y = g(Y,2) = 2z

z
- ’ O
(z z) +1
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where 3, are integer exponents chosen suitably and z represents the

Z location where the calculation 1s first started. The above transformation
has the effect that a uniform mesh at Z = 2z is gradually, as Z increases,
evolved into a mesh with more radial points clustered about the body surface
and more planes clustered about the wind plane (¢ = 0) in the physical

plane (see Fig. 6).

For £(X,Y,Z) and g(Y,Z) to be an admissible coordinate transformation
they must be one-to-one (invertible) mappings and twice continuously
differentiable with respect to X,Y,Z and satisfy

£(0,Y,2) = g(0,2) = O
(4.13)
£(1,Y,2) = g(1,2) = 1

For our particular example, the definition immediately reveals
that these conditions are all satisfied. Note in addition to the piecewise
analytical definition of f and g our code requires the following partial
derivatives be similarly given:

{fx'fY'fz’fxx’fYY’fzx}

{gyogz ’gYYthY}

Returning to our above example, note that these partial derivatives
are easily determined. It is also easy to verify that our example is
one-to-one since one easily checks that fx(X,Y,Z) > ¢ and gY(Y,Z) > 0

are satisfied, Furthermore, we observe that

1
fx(O,Y,Z) = gY(O,Z) = _Z+_1

indicating that for Z >> 1 more points are clustered about th 1y

surface and wind plane (see Fig. 6).
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: Fig. 6. The clustering function f given in (4.13)
" for § = 2, z_= 1, and Z = 10.
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Finally an additional condition is imposed at the boundary. To

apply the transformation to a symmetric problem it is required that
fY(X,O,Z) = fY(X,l,Z) =0
For the above example this is clearly satisfied. On the other hand, the
above transformation would not be suitable for a non-symmetric problem.
For in this case it is required that
f(X,Y+1,2) = f(X,Y,Z)
(4.14)

g(Y,2) - Y = g(Y+1,Z) - (Y+1)
Whereas the former condition is clearly satisfied, it is easy to see
that no choice of exponents 2 in our above example will make g(Y,Z) - Y
satisfy the periodicity condition.

In our early studies we attempted to systematically develop trans-
formations from simple piecewise polynomial or rational functions. The
use of polynomials would result in a saving on the functional evaluations
required compared to using transcendental mapping functions (refs. 3,7).
Our experiences with implementing a variety of polynomial interpolatory
methods revealed that it was difficult to predict the parameters for a
particular computation. Moreover, with the various analytical conditions
to be satisfied (such as (4.14)) and the further desirability of having
specific points included in the mesh, the analytical approach becomes
overly burdened. For these, and other reasons stated below, we have
adopted the approach of defining mesh transformations by a user-given set
of discrete spatial points, The user must provide a set of points
{;5} and/or {¢m = ;ﬁ ¢0} and the code (see sections 12.5,

12.6) will assign the relationship

;n = f(xn)’ n= 1’2o--N; -y_m = g(xm)’ m= 1,2“‘M.
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Clearly one must select the points to satisfy (4,13) and whatever
appropriate conditions such (4.14) may be required.

Note well, this implicit definition of the underlying transformation
functions will be assumed to be smooth, If the data chosen does not
arise from a context where smoothness is guaranteed, it is best to
modify the choice to enforce some degree of smoothness. Our strategy
has been to implement a "mesh pre-processor'. All this entailed was a
simple smoothing of the data points using equation (4.10.1) with @ = 2.
This is repeated several times until the resulting differences appear
smooth,

To approximate derivatives we use standard finite difference
approximations from the given (or smoothed) data. For our purposes
it 1s sufficient to approximate these derivatives to second order
accuracy. For interior points n = 2,¢¢¢,N-1, m = 2,+++,M-1 we use

standard centered differences

fpyy) - £ )
(fX)n " 2AX

Gy - £(X ,q) - 2K ) + £X__;)
2
AX

with similar expressions for (gY)m and (gYY)m'
The only points requiring any explanation are the end points of the

intervals, By second order extrapolation

(f,,) = 2(f,y) - (fy)
X = XX =2 XX =3
n=1 n n (4.15)
(fXX)n=N = 2(fXX)n=N--1 - (fXX)n=N-2
61
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A second order approximation to (f can be derived by assuming that

X)i=0
(fxx) is essentially linear on the intervals (0, 2AX) and (1 - 2AX, 1) then

AX
(fx)n=1 = (fx)naz'i—'((fxx)n=l + (fyx) per) (4.16a)
and
(£

- 5& (£ (4.16b)

Kn=n = Fnen-1 1 nen ¥ Frodpan-1)

For g(Y) a similar treatment is employed, for the symmetric case.
Indeed at m = 1,M the approximations identical to (4.15) and (4.16) are
made to gYY and By» respectively, In the symmetric case it is further
required to compute fringe planes Y = - AY and Y = 1 + AY. Again the

same approximations are used except now we assume Bvy is linear in the

extended interval (-AY, 2AY) and (1-2AY, 1+AY). 1In the non-symmetric

case, the data defining g(Y) is extended beyond 0 ¢ Y £ 1 using the perodicity
conditions. The first and second derivatives at Y = 0,1 are determined
in the same manner as at interior points,

Our experience has convinced us that the use of the above type of
discrete definition of mesh transformations in conjunction with a pre-
processor mesh smoother offers the widest flexibility for the user. One
can easily create a local refinement of the mesh without much analytical
care if one is prepared to allow a mesh smoother to alter your initial
mesh array. Our experience has shown that a reasonable eyeball choice
followed by several smoothings will only slightly alter the mesh and

will retain the concentrations in the regions where originally desired.
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5. TFORCE AND MOMENT CALCULATIONS

The aerodynamic forces and moments acting on the vehicle are obtained
by numerically integrating the computed surface pressure distributions.

In the code, these calculations are performed in auxiliary subroutines so
that the user may conveniently substitute alternative definitions and/or
numerical integration procedures. In this section, the procedures and
definitions currently available in the code are described.

The sign conventions for the components of the aerodynamic force and
moment are illustrated in Fig. 7. The force and moment are computed assuming
that the base pressure is p_. Both the force and moment have dimensions
of pressure. The center for the moments, C, is any point on
the z-axis where, say, z=2 (see, Fig. 7). The derivative with respect to

z of the force components are given by

aFa 2m

Fral {\ (pw'pm)bbzd ¢, (5.1)
oF 2

—2 = 4" (p. -p ) (b cos$ + b, sind) do, (5.2)
3z o w L (b

3F 2

L = ;T (p -p_)(b cos$ - b sind) d¢. (5.3)
9z o wo® ¢

The derivatives with respect to z of the moment components taken about

C(z=zc) are given by

oM )

—a . _ ®"(p -p)bdb, dé , (5.4)

9z I} % ¢

oM aF o 2

= e 4 [ PPN 8 (55
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b Fig. 7. Definitions of aerodynamic force and moment components
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M 3Fn o 2
EEX = <Z'ZC)EZ— + L p )b bzcos¢ d¢ (5.6)

In (5.1) - (5.6), P, denotes the surface pressure. Note that for the

symmetric problem

The integrals appearing in the above are computed numerically at each
computational step, z=Zk, using Simpson's rule in the computational plane.
For the purpose of discussion, consider
2
¥= [TT¥(0) do
which is, for a fixed value of z, the general form of all the above integrals.

For the symmetric problem, the non-zero integrals are written in the

computational plane as

v = 2/t sy yay = 2/ onay .
o ¢ o
This is numerically integrated on the uniform computatinnal mesh using

Simpson's rule in the form

_ 20 N 0 Y a, ..
¥ =5 [w1+4w2+2¢3+4$4+2w5+
4" ") R .
ek 2+ Al g+ Uy), 1F M is odd
- and
o 28Y ¥ v %
y = 3[w1+4w2+2¢3+4¢4+2ﬁr5+

R T +% (5$M_1 + 3?15M)], if M is even

"
where b, = %(Ym) s Y 1. 1In the last expression, the trapezoidal rule is

M

used for the subinterval [YM-l’ Y..]. In the nonsymmetric problem V¥ is

M

written as
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_ L _
¥ = é (w/Y¢)dY = é Py (Y)dy .

In this case, the integrands are periodic functions of Y with period 1

n
(1.e., w(Yl) = $(YM)) and Simpson's rule becomes

AY ~ " ",

\P=-"- )
5[20) + 40, + 20, + 4$4 +
R 4$M_1], 1f M is odd

and

AY

¥ =3 [6351 + 3%, + 20, + w, + 2355 toose

et 2

+ 4 £
M—3 T 40y o] , if M 1is even.

The code also computes, at each computational step, Zk, the force and

k

moment vectors acting on the body truncated at z Z~. These quantities

are defined, for example, by

X Zk oF

= .a
Fa(Z ) = é 52 dz (5.7)

with similar expressions for the other truncated force and moment
components. The integrals of the type (5.7) are evaluated numerically

using the trapezoidal rule; i.e.,

oF oF

k+1 k
k+1 k Z -Z a a
) = 7,@ + Gk D ] 6.9

Fa(Z
with similar expressions for the other force and moment coefficients.
Note that this calculation requires the force and moment on the body
truncated at the initial plane z = z, These quantities must be given along
with the initial flow field data.

The final results are presented in coefficient form by dividing the

P
force components and their derivatives byE_ViAref and the moment components

o
2
and their derivatives byi—vm(A )(zref) where Aref is a reference area

ref
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(non-dimensionalized by Ri). The parameters Zis Zoags and Aref can be

selected by the user; however, if no selection is made, the code assumes

that zc = 0, 2ot is the body length, and Aref is the base area of the

baseline body (see, Fig. 6). The code also computes two centers of

pressure. The center of pressure in pitch defined by

(zc.p.) = [z + M;/Fn] (5.9)
p

for Fn # 0 and the center of pressure in yaw defined by

C
(z y = [z - Mn/Fy] (5.10)
c.p. y

for F # 0.
y

67



NSWC/WOL/TR 77-28

APPENDIX A

DIFFERENTIAL EQUATIONS FOR BOUNDARY POINTS ON THE

BODY SURFACE AND THE BOW SHOCK WAVE

In this appendix differential equations are derived which are used for
the computation at points on the boundaries X = 0 and 1. These equations
are obtained from certain characteristic compatability conditicns evaluated‘
on X = 0 and 1. Such equations have been used in various forms in many |
non-conservation codes (e.g., see refs. (6, 8, 9). The equations used
in the present code differ from those previously used. The advantages
of the present equations are discussed in Secs. 3.3 and 3.4.

Since we are concerned with the boundary conditions on the planes X = 0

and 1, it is sufficient to consider the system (3.3) in the form

U . 9F 3G _
3z T T T3 EzR.

In this equation, the right hand side, & , will be treated as an inhomo-

(A-1)

geneous term since the Y derivative, being interior to X = 0 and 1, depends
only on quantities on the boundary planes. From this point of view (A-1)
is treated as a hyperbolic system in one space dimension X with Z time-like.
We have on the boundary plane, X = 0, the condition that u = bzw + (b¢/b)v.
On the boundary X = 1, the Rankine-Hugoniot conditions (2.7) are satisfied.
To motivate our treatment of the boundary points, consider as a prototype
problem the mixed initial-boundary value problem on the strip Z 2 0,

0 € X £ 1 where initial data 1s given on Z = 0 and boundary conditions are
given on X = 0 and 1. It is known (see, for example, ref. 10, pp. 471-475)
from the theory of hyperbolic systems in one space dimension that, for a
well posed mixed initial-boundary value problem, of this form, certain
information concerning the solution at boundary points, say, (0,Z*) and
(1,2%) can be determined from the characteristic compatability conditions
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corresponding to the characteristics through (0,Z*) and (1,Z*) which enter
the region {0 £ X <1, Z < Z*} (e.g., in Fig. A-1, the curves C:l and

C3 through (0,Z*) and the Cuseszzz and 3 through (I3Z*)). The remaining
information required to completely determine all the unknowns at (0,Z*)

and (1,Z*) must be provided by the boundary conditions specified on X = 0
and X = 1. These boundary conditions are needed to replace the character;wu
istics through (0,Z*) and (1,Z*) which do not enter the region {0 X <1,

Z < Z*}, (e.g., C through (0,Z*) and zil through (1,Z*) in Figure A-1l).

2
These characteristics are inadmissible since there is no information
available for X < 0 and X > 1.

As we shall see in the following, at the boundaries X = 0 and 1 the
system (A-1) has four independent characteristic compatability equations.
At X = 0, there 1is one Cil—type characteristic, omne Zfz-type characteristic,

and two C -type characteristics (see Fig. A-1). Consistent with the above

3
remarks, we will find that the three compatability conditions corresponding
to the Zjl and Cf3 characteristics will provide differential equations for
advancing three unknown quantities on X = 0. These quantities together
with the boundary condition u = bzw + (b¢/b)v determine all flow variables
on X =0,

On the boundary X = 1, there are three Zfl—type characteristics and
one tiz—type characteristic (there are no zi3—types).e_We will find that the
compatability condition corresponding to the t:z—type characteristic will
provide a differential equation for determining the shock shape function

c€s,z). The shock geometry together with the Rankine-Hugoniot relatioms (2.7) -

determine all flow quantities on X = 1,
In order to derive the necessary characteristic conditions, the system
(A-1) 1s rewritten in an equivalent quasi-linear form. This can be done

by changing the dependent variables in (A-1) from U to

Q=

g9 £ T
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Z)

-
-

Fig, A-1. Types of characteristic curves through boundary points on
X =0 and 1
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We assume here that p = p(p,h) where h is given by (2,2). Using the

chain rule, we have

30 _ 93U, 9Q
3z [DQ] Y (A-2)
and, from (3.3a),
aF _ . AU k3 34, 3q
ax 3X X
Zy4y_ Ty o4 1o 3¢ -
Mo S S (A-3)

a¥

where [iyl, [£-:1, and [ﬁﬂ] are Jacobian matrices.
3Q 30 )

These can be obtained by taking partial derivatives with respect to the

components of Q of (2.1a) and (2.1b) using (2.2); for example,

—

-
2
RZW —ﬁiwu —X&wv p—X&w
U, 2 2 2 3
[m] = 1+f(2w KXqv'u -)’(lw v 20w-K,w
R juw pw—klwu2 ﬁklwuv pu-X&wzu
- 2 2
X v K wvu pw—)(lwv V=R WV

it

where}’(l = (g%) and f(z (%%) are thermodynamic quantities which are

P h
related to the sound speed by

P_ - -
5 pf(z +f(l . (A-4)
a
Substitution of (A-2) and (A-3) into (A-1) yields the desired quasi-linear

system. This system is simplified by multiplying each term on the left

by the non-singular matrix

1 0 0 0
0 - -v 1 0 0
-u 0 1 0

-V 0 0 1_J
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The resulting system of equations is

3, n30 %
Ay +Box =R (A-5)
where ) .
i_ 2
X v -f(l wu —;(va p- }'(lw
A = 1 0 () pw (A—Sa)
0 pw 0 0
0 0 pw 0
L _
. _—
X 2A er-—uRIA ;Xd)p—vf(lA Xzo —w)(lA
B = Xz 0 0 pA (A—Sb)
Xr pA 0 0
1
rX¢ 0 pA 0
— —
and
R - 0% -0+ Zou + (_.,Q + L 08 (A=5¢)
¢$3X

The system (A-5) can be reduced to characteristic form by standard
methods (see, e.g., ref. 10 , pp. 424-427) although the required computa-
tions are lengthy. We summarize the procedure here. Since the matrix
is non-singular for w>a, we can consider the characteristic matrix A

*
associated with (A-5) in the form A = AA+B where X is a scalar. For

every real value of X which is a root of
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det (A%) = 000w + A2 Ow + a)2/a2 - [ + xz)2 + xr2 + L x¢2]} -0 (A-6)

r
there corresponds a real left null vector, 1)«’ of A* (i.e., QAA* = Q).
Hence,
nxiB = - MAA . (A-7)
Multiplying (A-5) on the left by 2A and using (A-7), we obtain the scalar

equation

30 _ 5,30y ., @ -
LAGE - = LR (A-8)
This equation is referred to as the characteristic compatability condition

along the characteristic curve defined by %; = =) since the quantity

gg-— A%% is the directional derivative tangent to this curve. The roots

of (A-6) are
Ay = - A/w (multiplicity 2)
and
2 2 2,1 2 2
A + a?-xz . a281 W" -a) & "+ 2 X,7) + (& - Xw)
Ay = 73 » B, = 3 .1 (a-92)
w' - a a

Two independent null vectors correspond to the multiple root Xo; viz.,

(2) _

1) _ 1 _ -
8,0 = (0,0,r x¢, xr), 8y o= (0,w,u,v) . (A-9b)

o o
A left null vector corresponding to A  is

A

o= O, w+ A2 - K V), - 00, + X)) + K w0, vt A,
Lo . :

(A-9¢)

- pxr + ){lu(xt w+ 4), - %-X¢ + }(lv(kt w + A)).

73

™




NSWC/WOL/TR 77-28

The standard form for the compatability equations (A-8) is to introduce
the associated directional derivatives. Used in this form the boundary
point computations would be essentially as in a reference plane method of
characteristics. Such a procedure is complicated since it requires a
considerable amount of interpolation. The method used herein eliminates
this difficulty by considering the partial differential equations (A-8)
directly. These equations are rewritten on the surfaces X = 0 and 1 using
the boundary conditions.* The resulting equations, valid only on X = O
and 1, are solved numerically using predictor-corrector methods similar to
those used for interior points.

Wall Boundary Points (X = 0)

On the boundary X = 0, u = bzw + (b¢/b)v which implies that A = 0 on
X=0 (c.f., eqs. (3.3d) and (3.3g)). Thus on X = 0, By > IXzf (since w > a)
which implies that X+ >0 and A_ < 0. AlsoonX =0, Ao = (), Note that on
X =0, Xo corresponds to a streamline since X = 0 is a stream surface.
Referring to Fig. (A-1), X+ corresponds to the characteristic curve t]f
X_ corresponds to tfz, and Xo corresponds to C33. According to our earlier
remarks, we exclude from further consideration the root X _.

We consider first the compatability condition (A-8) with lx = lk .

+
The left-hand side of (A-8) is, using (A-5a3) and (A-9),
3p _, 3p _ ow o du, 1 3v % , 4 du
o{8,Gz - 230 - W Kzt Xzt ix¢ 3z) t oA, Xax + Xax
v Aw ow.
+ ix¢ @ teAGE - gpt .

Note that at the boundary X = 0, we have using the boundary condition and

(3.3g) that
1. 3 3w , 3u _ b 3 b, 3b/b
xﬁ”—+xﬂ+—x—-‘1=xr(-b—"’-+—‘i-l—")=xr(w———+v—94—)

232 rdZ r 32 z3Z 32z b 3Z 32 YA
3b ab,/b
where azz and A%Z depend only on the given body geometry. Using the above,

we can write the compatability condition corresponding to X+ at the

*This approach was originally suggested by Kentzer (ref. 11).
74
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T

, , 3b 3b, /b
9p _, 2p SA z ¢ '
B1Gz = M o) T WA gx = PV (WS 4 v )X
+ AN S 1 - !
PWA {w X Uy v X ] + . 2X+ﬁl (A-10) ;

The completely expanded form of (A-10) given by (3.16) is used to advance

the pressure on the wall.

The left-hand side of (A-8) corresponding to lA = 2;1) is given by
o
1o du _ o dve 1y du_y 3V
ew LOX 57 - X3 Y G X ax - X!
E
On X=0, AO=O and %X¢ = - Xr(b¢/b). Hence, the compatibility condition
corresponding to QA = 2;1) at the wall can be written as
o]
vV 3(b,/b)
T2 I ) )
prr( 57 u Y = lxo R (A-11) _
, where 3
V2 = v + (b¢/b)u (A-11a)

The completely expanded form of this equation is given in (3.18). 1
Equation (A-11) is used to advance the quantity v, on the wall. Note é
that V2 is, except for a factor involving only body geometry, a component

of velocity tangent to the wall.

The compatability equation corresponding to lk = 2;5) can be written, 3
) by direct expansion of (A-8), as k
3p L sv? 30 . p AV p , P av2 i

+ 22y a4 By - + B 2=

v Gzt g YA Gtz ) B Gyt 7oy

e

2
: where v = w2 +u? 4 v°. The above equation involves only derivatives of

i el

thermodynamic quantities. Indeed, using (2.2) and (A-4), we have

(since p = o (p,h))
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dp+-% de = dp - pdh = %7 (li dp - dp). (A-12)
1 a

Introducing the entropy, s, we have

~ (9p =1 4 -
(Ss)p ds az dp - dp

which with (A-12) implies that the compatability equation can be written as

This equation expresses, in the computational space, that the rate of
change of entropy on a streamline is zero. On the boundary X=0, we
have (since A=0)

s _ 3s _
W = B Y (A-13)

Note that eqs. (A-10), (A-11l) and (A-13) can be used to advance
Ps VZ’ and s at the wall points. From the values of p and s, the quantities
o and h can be determined. The magnitude of the velocity vector can then
be determined using (2.2). The quantity V2 and the boundary condition
then give the velocity components. This procedure is described in detail
in section 3.4.

Shock Boundary Points (X = 1)

On the boundary X = 1,

= (- + - = -
A= ( c,wtu-c v/c)Xr ansxr

¢

(c.f., (3.3d), (3.3g)). Since Vo> 0, it follows from (4.9a) that
Ao > 0. On X =1, the roots A, of (A-6) are (see (A-9a))

W v - a2c )X ¢ a2 B

y = n_ s z''r 1
+ 2 2
w - a
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where

82 =
1

2 2 2,2 2., 2 2
[(anvs - a Cz) + v, (w~ - a")(@a" - Vn)].

i >
Sl

a
Since w > a and shock theory gives Vn < a, it follows that
aZB 2 X (WWv - a2c ) > 0. Hence X, > 0 and » £ 0 (equality when

1 r n s z + -
Vn = a which corresponds to zero shock strength). Referring to Fig. (A-1),
Xo and X+ correspond to characteristic curves of the type C,, and thus,
by our earlier remarks, we exclude these roots from further consideration.

The compatability condition (A-8) with &, = 2 can be written using

y T he
(A-5a), (A-7) and (A-9b) as
2 N N
Bz *° [X waz ~u3p * X 3z
(A-14)
-1 R -B) 1
. ST o 2)_ (R -

Note that (A-3), (A-5a), and (3.3c) imply that

SRR B
R-B =- Gx+syg+E.

Consider now the left hand side of (A-14) evaluated on the surface X = 1.
Since the Rankine-Hugoniot conditions are satisfied identically on X = 1,

these relations can be differentiated with respect to Z in order to obtain

3p 3u 3v
9Z° 32’ 3Z°

expressions into (A-14) yields a partial differential equation for the

expressions for and %%-on X = 1. Substitution of these

shock slopes c, and c,. We summarize the development of this equation

¢
here. From the shock relations (3.9), we have on X = 1 that

= —-— - = -— = - -—

w =W (v \'% )el, u u + (v ) )ez, and v =v v \Y )e3
= = e = . h

where e1 cz/vs, e2 llvs, and 3 c¢/(cvs) Differentiating these

with respect to Z, we obtain that on X =1
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v BVnQ BV 1

a2 5z "az)el'(vnw'vn) 52

u aum aYnm v 3e2

3z -3z T 3z L Vo) 32 (A-15a)

w Vo v

3_Z=BZ-(BZ—32)83-(vnm—vn)e3
Note that in the above

du v

2., 3% P ey 3¢ -

57 Ve 37 and Y U, 37 (A-15b)
Since Vnm =V, e - Uy e, + v, ey we have that

avn de de de

cm=w—-];—u—2+v——(ve+u e)-ai (A-15c¢)
3z w 3Z © 3Z o 3Z © ~2 o 3/ 3Z °

From the shock relations (2.7), we have that p = p_ + Vn pm(Vn -V)

n
] ©

which implies that on X = 1

avn avn 3V
3P _ i ___*__n -
=5 °°°[(Vn,, v) +V <az 551 (A-16)
AV

In order to obtain an expression for 322, we differentiate the equation

of state p = p(h,p) to obtain

3
vz = K1 2+, (a-17)
Differentiating the first and last equations in (2.7), we obtain for

points on X = 1 that

. BVn av

3 " Pe 57~ Uy 1Y) 50,
av

_3_b__v nm—v 3Vn

9z n, 92 n 37
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Substituting these and (A-16) into (A-17) and using (A-4), we obtain

l— 1 1 1
3Vn v Vn (Vn - Vn) V2 + ;Y + Rl ('5— - -6-) BVn
had | ad n 2 =z (A-18)
2
YAREY AL Y2
Peo 2
a
Finally, we have that
de dc 3(e,/e)
1 _ 2y 2z _ _ -
Y [(1 -ep) 37 T %% Tz %2 (A-192)
de | ac 3(c,/c)
_2_ _ _z —¢ |2 -
g = e 37 + e, 7 ]e2 (A-19b)
de ( dc 3(c, /)
3_ _ z 2 ) -
Y e1e337 - (1 -ey) —53 .] ) (A-19¢)

Substituting (A-15a) and (A-16) into (A-14) and using (A-15c), (A-18)
av_ Vn de,

n
32 * 3z ’ 32z
the compatability condition (A-14) a partial differential equation of the

and (A-19) to eliminate the terms (i=1,2,3), we obtain from

form
5¢ 3(e./c)
-z 9 . A-20
Cl 3z + C2 3Z 4is ( )

The quantities Cl’ C,, and }{s appearing in (A-20) are given in
section 3.3.

In addition to (A-20), we also have

ac 3¢
— = + A-21
32~ Sz 7 % 3z (a-21)
and
dc 3c 3c
- ——-Z —g = A—22
32 Y¢ Y + Yz oY 0 ( )
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The first equation (A-21) is the chain rule for the Z derivative of the

shock shape function c¢(¢,z). The second equation (A-22) expresses through

2
37¢ _ 3°¢
5750 = 5937 When C1 is nonzero the equations

(A-20) - (A-22) are formally a hyperbolic system with Z the time-like

the chain rule that

direction and, therefore, can be numerically solved using a predictor-

corrector method to determine c, c,» and c¢. With the shock geometry ‘
determined, the Rankine-Hugoniot conditions determine all the flow
variables on X = 1. The procedure is described in detail in section 3.3.

The above procedure requires that the coefficient C, does not change

1
sign in the calculation. We now show that for a perfect gas C1 > 0 when
w > a.T The proof uses the definitions following (3.9¢c) (see sec. 3.3)
and the shock relations (2.7). Consider first the case of a finite

strength shock; 1.e., Vn > Vn, a > Vn, P>P, P >p_. Substituting

oo

(2.7) and F(l = - p/h into the definition of AO’ we obtain
2
®-p)V, Vnw + a%p_/p)
AO = 73 3 . [perf] (A-23)
p_ Vo (a" - V)

o

This implies that A, > 0 and it follows from the definition of A1 that

0

Ay > o(vS W, =€, Vn )Ag - (A-24)

o

From the shock relations and w 2 a, we have that

- = - >2va- > 0. A-25
Vg W T €, Vnon vgw -, Vn &7 c, Vn ( )

“sing (A-24) and (A-25) in the definition of C1 we obtain

. 2 2 2 2
‘] > ’r(vs w, - ¢, Vn ) A0 - (p - pm)(vS - cz)}/vS (A-26) i

©

s« * that the significance of C, > 0 for the real gas case is the
r a nerfect gas but this fact has not been established at this
+-*-.al calculations, the value of Cj is monitored at all points
. 1f a change of sign is detected the calculation is

80

@
.




NSWC/WOL/TR 77-28

Note that since u - =cw-V
c¢v/c z n Vs’

2 2 _ 2 2 2,2 2
By a2 = (vsw -c Vn) - (vs cz)(a Vn)

which implies that

(v w -¢c V )2 =(vw-¢ V )2 > (v2 - c2)(a2 - Vz). (A-27)
s z ‘n_ s z n s z n
Using (A-27), (A-23), (A~26), and p = . Vn /Vn, we obtain
2
(vs - cz)(p -p.)
Cl > 3 V.V -~ +a — - Vn Vnm >0

v p V v
s © n n

[

which 1s the desired result. Consider now the case of a weak shock; i.e.,

=V =a=a_,p=7p,, P =0, The quantity AO can be rewritten

n n
using (A~23) and the first two equations in (3.12) (with y =T =T ) as
2
2(Vnoo +a)
Ay = ———5— [perf]
0 2
(v+1) V.

)

which implies that Ay = 4/y+1 for Vn = a_. Since Ao > 0 and
o
(vs v, "¢, Vn ) > 0, it follows directly from the definitions that

[

Al > 0 and hence C1 > 0.
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APPENDIX B

b
|
y
i
L
i

SYMMETRY CONDITIONS

In this appendix, the symmetry conditions (3.21) and (3.22) used in
the symmetric problem are derived. Recall that in this problem all flow
variables are even functions of ¢ about ¢ = 0 and 7 in the physical space
except v which is an odd function of ¢ about ¢ = 0 and m. Also, the body

i geometry and shock geometry functions are even functions of ¢ about 0 and
7. In this appendix, ¢* will denote either 0 or m. To avoid any confusion
we specify that: a function u(r,¢,z) is even about ¢* if and only if
u(r,¢*+1,z) = u(r,¢*—r,z) for all t such that ¢* + 7 is in the domain of
definition of u; a function u(r,¢,z) is odd about ¢* if and only if
u(r,¢*+r,z) = - u(r,¢*-r,z).

Consider first the effect of the mapping (3.1) on a quantity u which
in the physical plane is given by an even (or odd) function of ¢ about
¢ = ¢*. Let u be given by u(r,¢,z) in the physical space and u(x,y,z) in
the (x,y,z) space; further, let §* = ¢*/¢o (i.e., §* = 0 or 1). Note
that from (3.1), X is an even function of ¢ about ¢ = ¢* for fixed r and z.
Also, inverting (3.1), we have

r(x,y,2) = x[c(z,0y) - b(z,6 V)] + b(z,8_y)

% which is an even function of y about §* for fixed x,y. It therefore

follows from

i

u(r,¢,z) E(;(r,¢,2),¢/¢0,2)

-

o and

u(x,y,2) = u(r(x,y,2),y6_,2)

*
that u(r,¢,z) is an even (odd) function of ¢ about ¢ ¢ for fixed r,z

- — - % —
if and only if u(x,y,z) is an even (odd) function of y about y for fixed x,z.

k- :
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Consider now the quantity u given in the computational space (X,Y,Z)

by the function U(X,Y,Z). Note that U(X,Y,Z) = u(f(X,Y,2), g(Y,2),2).
For any fixed 2, let Y* denote the value of Y such that §* - g(Y*,Z)
(i.e., Y* is 0 or 1). The Taylor development of U(X,Y,2) about (X,Y*,Z)
where X and Z are fixed gives

UK, Y $8Y,2) = UK,Y",2) + AY U, (X,Y",2)

+ @un? U (X,Y*,Z) + @n’ ] (x,Y* Z) + 0(aY)"Y,
2 YY 3! YYY ’

Adding and subtracting the above expressions, we obtain

UK, Y $4Y,2) - UGX,YFAY,2) = +2 AY u, Y52 + 0n?  (8.1)
and

UK, Y £AY,2) + UK, Y'FAY,2) =2 U(X,Y",2) + AY2UL, (X,Y,2)

4 0(AY)". (B.2)

For use in the above we have, by the chaln rule, that

UY,= uEfY + ung - (B.3)
and
Uy = U —(£)% + 20 —f g + T —(3.)>
YY XXy X yYZY Yy
+ uiﬁYY + G§gYY (B.4)

*
Suppose that u(r,¢,z) is an even function of ¢ about ¢ . By our
previous remarks, it follows that E(;,;;E) is an even function of ;
— — —% —_— e —k —
about y , Since u is even about y , we have that u?(x,y ,z) = 0. Also,
* *
1if we assume that fY(X,Y ,Z) = 0, 1t follows from (B.3) that UY(X,Y ,Z) = 0.
This implies, using (B.1), that
% *
U(X,Y +4Y,2) = U(X,Y ¥AY,Z) + 0(AY)3

which 1s the same as (3.21).
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*
Suppose now that u(r,¢,z) is an odd function of ¢ about ¢ . By

— - -~ —*
our previous remarks, u(x,y,z) is an odd function of y about y . Hence,

it follows that

—_ —_— - —R— —_ _— —K —
Since the above holds for all x, we also have that ui(x,y yZ) = w ;(x,y »z) = 0.
*
If fY(x,Y s2) = 0, it follows from (B.4) that
* _ — % — *
UYY(X’Y ,Z) = uy(x,y ,z)gYY(Y »2)
and from (B.3) that
—_— ok — * *
u—};(x,y »2) = Uy (X,Y ,2) /g, (Y ,2)
*
since U(X,Y ,Z) = 0, it follows using (B.2) that
* *
U(X,Y +AY,Z) + U(X,Y £AY,2) =

BY2Uy (X, Y, 2) gy (7,23 [y (F%,2) + 0aT)*

Using (B.1l) to evaluate UY in the above, we obtain
* *
UK, Y Y, 2) [258¥8 0y (Y, 2) /gy (15,2 ] =
* * *
‘ “UGK,Y +AY,2) [2:0Ygyy (Y ,2) /gy (Y ,2)] + 0(aV)*

which is the same as (3.22).

Ay

s

.
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APPENDIX C

CFL CONDITIONS

In this appendix, we derive a necessary stability condition used
for determining the step size AZ associated with a given computational
mesh AX,AY. The derivation is in the geometric spirit of CFL and

consists of comparing the domain of dependence* of the difference equations,

éﬁd e.? O the domain of dependence of the partial differential equations,
éﬁp d.e.’ Following CFL, it 1s necessary to restrict the largest value

of AZ so that

ﬂp.d.ecﬂd.e. (.1

for all computational points. “For the quasi-linear system of hyperbolic
equations considered here this condition is generally regarded as a
necessary (but not always sufficient) condition for numerical stability.
Indeed, 1t has been observed that the MacCormack scheme exhibits numerical
instability for particular first order systems even when a geometric

CFL stability condition is obeyed (ref. 12). For our system no such

instabilities have ever been demonstrated nor observed in calculations.

*In this appendix, the domain of dependence of a point, 0, with 2
coordinate Z + AZ, 1s understood to be the smallest closed region of
the plane Z 2 Z_,&, such that the initial data outside of & do not
influence the solution at 0.
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Consider an arbitrary interior computational point, 0, with
coordinates (Zo + AZ, Xo, Yo). The domain of dependence of 0 for the
finite difference schemes given by (3.6a) and (3.6b) depends on the
parameter j(= O or 1). These are depicted in Fig. C-1. The dots in the
figures represent the only computational points which can influence the
numerical solution at O for one complete (predictor and corrector)
step. In stability considerations, it is necessary to consider the
limit for successive mesh requirements with AX/AZ and AY/AZ held fixed.
In this limit, the points in and on the boundary of the shaded regions
are the only ones that can influence the numerical solution at O.

Consider now the domain of dependence of 0 for the system of partial
differential equations in the computational space, see (3.3). For the
purposes of stability analysis it is sufficient to consider a quasi-linear

systen equivalent to (3.3) given by

) 3 3Q
-§+155?+¢3Y R (€.2)
where
P
Q=Ju
v
w

In the above,

of oY

A- O[aQ, B - Ofx [aQ]+x 3 3500 * %y 122

b

C- 00y, 2+, [3“1}
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X

\J

Fig. C-1. Domain of dependence for the interior finite difference
equations
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’f

1Y 3
where [56], [56J. and [3%] are Jacobian matrices and O 1is the
non-singular matrix given in Appendix A. The matrices A and B are

given by (A-5a) and (A-5b) respectively; the matrix C is given by

-
P _ -
H,B - K,uB Y, - vB F(l Y o w}(lﬂ
C = Y 0 0 0B
Z
0 pB 0 0
1y 0 oB 0
r ¢ -

The inhomogeneous term ﬂi is not material to the present analysis and
will not be given. The domain of dependence of the system (3.3) is the
same as that of (C.2)., The domain of dependence of 0 for the system
(C.2) is contained in the closed region formed by the intersection of
the characteristic conoid with vertex at 0 and the plane Z = Zo

(c.f.; ref. 10, pp. 649-652).

The pertinent facts concerning the geometry of characteristic
conoilds associated with systems of the type (C.2) will be briefly
reviewed here; for a more detailed explanation see ref. 10 pp. 577-599.
The characteristic conoid with vertex 0 is the envelope of all

(‘ characteristic surfaces through 0. A surface ¥(Z,X,Y) = 0 is

characteristic at a point if its normal at the point satisfies the

characteristic condition

FJ(xl,xz,AB; Q; X,¥,2) = detO A +2,B +2,0) =0 (c.3)

e s

.,
»
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3 3 3
where Xl = 5%, lz = 5%, and XB = S%u The surface of the characteristic
conoid 1s generated by curves, called rays or bicharacteristics which
are the lines of contact between the characteristic surfaces and the

conoid they envelope. These curves, or rays, are given by the ordinary

differential equations

.28, & a3 4 28 (c.4)

where s is a parameter. Each ray through 0 is determined by selecting
real values for A2 and A3 and determining Al by satisfying the character-
istic condition (C.3) at 0. 1In general, when A, B, and € are not
constant, AZ’ 13, and 11 vary along the ray. When (C.2) 1s a quasi-linear
system like (C.2) the rays, conoids, and domains of dependence will

depend on the solution vector Q. In the case when the coefficient
matrices A , B, and € are constant X

Az, and ), satisfying (C.3) are

1 3
constant along each ray. The rays generating the conoid are straight
lines since the right hand sides of (C.4) are constant. The characteristic
surfaces In this case are hyperplanes and cones formed by their envelopes.
In the present analysis AZ,AX,AY are assumed to be small, thus the
domain of dependence of 0 = (Zo + AZ,XO,YO) can be approximated by
considering the matrices A , B , and € as constants with elements
evaluated at the point (ZO,XO,YO). For the remainder of this appendix,

it will be understood without changing notation that all quantities

appearing in these matrices are held fixed at their values at (ZO,XO,YO).
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Making the substitutions indicated above, the characteristic condition

(C.3) for the system of equations (C.2) is

H= HOp 2 HyO a0y = 0

where
4(C.5)

F#l(xl,xz,x3) = AW+ A,A + AB

2 2, .22 21 2J
= - + —_—
Hzo‘l’kz’)b) Hl [(>\1 + )‘ZXz + J\BYZ) + )\2 X (x2x¢ + A3Y¢) 1’Z]a

The ray cone therefore has two sheets, one corresponding to ﬁ#l = 0 and

one corresponding to F{z = 0. The rays generating the sheet corresponding

to'ﬂfl = 0 are given, using (C.4), by

Hence the sheet corresponding to ﬁil = 0 1s a degenerate cone consisting
of a single ray through 0. The domain of dependence for this sheet is a
point in the plane Z = Zo with coordinates X = Xo - (A/W)AZ and

Y = Yo - (B/W)AZ. This ray corresponds in the physical space (z,$,r)

to a streamline. The sheet corresponding to F/Z = 0 is a true cone

which corresponds in physical space to the Mach cone.** In physical

**%A characteristic surface ¥(Z,X,Y) = 0 can be represented by a(z,r,¢) =0
in physical space. By the chain rule

v o= Vo= VU, =2 X+, Y
U, = Ay F A X E Y, b= hy X and yy = Ay X+ A Y,

since xl = wz, Az = wx and X3 = wY. It follows that

. — 2.2 — 2 2

H,(gah0k) = (T6e@)” - [vp]7a” = 0
where g is the velocity vector. This equation indicates that in (z,r,¢)
space the cosin. of the angle between the streamline and the normals to

the characteristic surfaces enveloping the cone associated with
F{z =01s * a/lq| = + -1,

9n
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space the streamline through the Mach cone vertex is interior to the

-
y

cone. Since a continuous transformation cannot change this situation,

it follows that in the computational space the cone corresponding to

F¥2 = 0 contains the ray corresponding to F¥1 = 0. Therefore the domain

of dependence of (C.2) is determined entirely by the sheet f?z =0, |
The CFL stability condition for each of the MacCormack schemes is

illustrated in Fig, C-2. The shaded area is the region formed by the

intersection on the plane Z = Zo of the cone with vertex at 0 corresponding

to FJZ = 0. Condition (C.1) for j = 0 or 1 is satisfied if and only if

j
' max (21) < AX, max (21) < AY, and max (Y.i) < AXAY VAX:Z + AY2 (c.6)
‘ i=1,2 i=3,4 1=5,6

] In the above, bi (i=1,---,6) are projections of the base of the cone in
various directions as indicated in Fig. C-2., These distances depend on
the value of AZ (recall that AX and AY are assumed fixed in the present

;f analysis).

a Consider now the determination of the projection of the cone's base ]

E on any directed line in the Z = Zo plane with, say, X and Y direction

| numbers O and cy, respectively. Since any characteristic plane
¥(Z,X,Y) = 0 through 0 .s tangent to the cone, the particular ones which

) have normals with wx =i, = cx and wY = A, = oy intersect the plane ]

2 3

T Z= Zo on lines which are both tangent to the cone's base and normal to the

direction (ox,oy). The situation is shown in Fig. C-3. The point of 3
tangency, Q, is the intersection on the Z = Zo plane of the bicharacteristic 1

ray with A2 = Ox’ A3 = cy, and Al = oz where oz is the solution of
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CFL conditions for MacCormack schemes
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%#2(0 ,ox,ay) = 0, For w > a, there are precisely two distinct solutions
of this equation. The two values of oz determine two rays and, hence, two
points of tangency for each direction (ox,oy). The X,Y coordinates of Q
for each value of oz are determined by integrating (C-4) from Z = Zo + AZ
to Z = Zo; i.e.,

aﬁz BHZ 371/2 BF/Z
X=X =-15 YV R 2 IR S Sl Il Ay
2 1 3 1

9
axi 1 = cz, Xz = ox, A, =0 . The

projected distance & in Fig. (C.3), is given by

2 (1=1,2,3) are evaluated at A

where

2 2
= - + - .
2 |cx X Xo) oy Y Yo)b// 9 + oy

Since ﬁ{z(kl 2 3) is homogeneous in xl,x2,13 it follows that

LN 3F¥
2 "H2 2
. M 3% X, A 3, + 2, T = 0 when K. 5 (A1s250h5) = 0. Tt therefore

follows that

f L= |o |A'Z/V02 + a2 . (c.n
i 4 X y

The distances %, and £, are projections on the direction

1 2
0, =1, 0, = 0 (c.f., Fig. C-2). Solving H2(02,1,0) = 0, we obtain
using (C-7) that
a 4o, = X a® - AW % a'\/(A ~wx )+ W - az)(xf + %xz)"ﬁ .
Ei‘ Substituting the above into the first inequality in (C.6;, we obtain
»%; 2 2
S 2z £ L‘f—ilil AX (C.8)
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where My is given in section 3.6. The distances %, and 24 are projections

3

on the direction ox =0, cy = 1, Hence 23 and 24 are given by (C-7) with

o_ a solutfon of F/z(oz,o,l) = 0; f.e.,

Y a2 - wB + a‘/(YZ/rZ) (w2 + v2 - az) Az
z ¢ 2 2
(w" - a")

Substituting this into the second inequality in (C.6), we obtain

042 - a2)
72 L ———= AX (C.9)
u
2
where My is given in section 3.6. The distances lg and lg are projections
on the direction ox = AY, oy = - (--1)j AX. Hence lg and lg are given by

(C-7) with o, a solution of ﬂ/z(cz, AY, - (—1)j AX) = 0; 1.e.,

1 AYAZ 2 2
L = S§(wB-Y a )~ (wA-X a)
5,6 (\/sz + AYZ)(wz _ 32) { z z

s aV(wz - A i—z- %y - 8%,)°1 + (X~ A+ 6vY¢/r)2
where
8 = (-1 ax/avy
Substituting this into the last inequality in (C.6), we obtain
2 2)

(_(w - a

AZ < AX (C.10)
L}

where Mg is given in section 3.6.

a5




L IS SRRt

———ga

el e et sl At Ll Lol At
- - . -

NSWC/WOL/TR 77-28
For any interlor computational point (ZO + AZ, Xo, Yo), the

largest value of AZ for which the CFL condition (C.1l) 1is satisfied is
AZ = {(wz - a?)/max(u,, 1oy u )} AX (€.11)
1’ "2’ F3 *

where the terms in the bracket are evaluated at (Zo, Xo, Yo). It remains
now to consider the points on the boundary of the computational domain,.

The computational scheme for points on the boundaries Y= 0 and Y = 1
which are not on X = 0 or X = 1 1s essentially the same as the interior
point scheme (c.f., section 3.5); hence, the CFL condition for such points
1s the same as for interior points. The domain of dependence of the
partial differential equations for pointson the boundaries X = 0 and

X = 1 1is essentially as described above for interior points except that
only the portion of the characteristic cone's base lying in 0 € X £ 1 1is
considered. The domain of dependence of the difference schemes used on

the boundaries X = 0 and X = 1 are illustrated in Fig. C-4 and C-5. Note
that at the boundary X = 0 the domain of dependence of the scheme when

J = 0 1s used for interior points depends on whether the second order
option (c.f., eq. (3.19)) 1s used. Comparing Figs. C-4 and C-5 with C-2,
we see that the CFL condition (C.1) for the points on the boundaries X = 0 or 1
is satisfied if AZ is chosen as 1f these points were interior points

(i.e., using (C.11)). Therefore in order to insure that (C.1l) is satisfied
for all the computational points, we take the smallest AZ obtained from

(c.11).
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X

pe—AY ——>

- 4 ¥

Fa).¢

—rt

., . %.,’ : K & X‘o P L 7 - e
(Z0%,) (Zoty
j:O)\sf order j'=O,Zh4 ordev Y

=1 st ¢ Znd order

Fig. C-4. Domains of dependence of numerical scheme for wall
points (X = 0)

. (Z,,Y,) o %=

?—

L——AYA—.-{

Fig. C-5. Domain of dependence of numerical scheme for bow shock
points (X = 1)
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PART II1: PROGRAMMING
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7. GENERAL REMARKS

This part of the report contains a description of a FORTRAN program
based on the numerical methods discussed in Part I.

The program consists of a main or executive routine, referred to
as MAIN*, and several subroutines. MAIN contains the complete program

structure and controls all aspects of the calculation. Most of the

actual operations, however, are carried out in the subroutines many of
which are called directly from MAIN. For the purpose of discussion,

the subroutines are grouped into three functional types; subroutines used
in the flow field calculation (see Sec. 10), auxiliary subroutines (see
Sec. 11), and input-output subroutines (see Sec. 12). As a general rule,
the transfer of arguments between the various subroutines and MAIN is i

via a COMMON block of variables. A table (see Sec. 8) is included which

gives for each variable in COMMON, its description in terms of Part I
notation (where possible), the primary routine in which it is defined,
and the name of its COMMON block. The two COMMON blocks CSERCH and SAVRG,
being used only in the real gas subroutines RGAS, HRGAS, and SERCH, are
not included in this table. MAIN and all subroutines are described in
Sections 9-12 which follow. These descriptions are intended to serve as
a gulde to the use of the FORTRAN listings which can be found in
Appendix D.

In the following sections, we will occasionally refer to the second
volume of this work.** This will be referred to herein as the "User's

Manual''.

*To distinguish between subroutine names and FORTRAN arrays or variable
names, subroutine names are capitalized and underlined.

**Solomon, J. M., Ciment, M,, Ferguson, R. E., Bell, J. B., and Wardlaw, A. B.,
A Program for Computing Steady Inviscid Three-Dimensional Supersonic Flow
on Reentry Vehicles; Vol. II: User's Manual, NSWC/WOL/TR 77-32
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8. COMMON
Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
ACH Mw INPUT COUT
ALNS an = ACONE(1l), see fig. 8 of BODYR CBENT
User's Manual
ASQ(N,M) az(Xn,Ym) DECODE BLANK
ATTA a INPUT COUT
AUQN parameter used for bent cone BODY CBENT
calcs. BODYR
AX a, sound speed RGAS RGASS
A2(J) \/1 + bi + (b¢/b)2 = W’ BODYP BLK@3™"
A3(J) [byy/b - (b¢/b)2]Y¢, (1) BODYP BLK@3
2
A4(J b /b - (Y /Y b, /b) - (b, /b BODYP BLK@3
@ 2P = (YD [®y /6) = (b, /6)°]
- (b /b)), /b)), (1) ;
z ¢> 4
AS(J) bz¢/Y¢, 1) BODYP BLK@3
— E
A7(J) [bzz bz¢ (YZ/Y¢)], 1) BODYP BLK@3
B(M) b(Ym) BODY CBODY
BETA parameter used for bent cone BODY CBENT
calcs.
BJ -4 MAIN CEVAL
BPHI (M) b¢(Ym) BRODY CBODY
BPHIO (M) b¢(Ym) at previous step MAIN CBODYP
1
BPHIT (J) temporary storage for b¢, (1) BODYP CBODYP
BPHPHI b¢¢ BODY CBODY
BPHPHO (M) MAIN CBODYP

b¢¢(Ym) at previous step

TNumbers in parenthesis refer to the remarks appearing at the end on this

list.

t*The symbol # here is used to denote zero.

. ey S

101

LT N T RRNT L




-, -

S e

Ll

heas MY

TAE e e

NSWC/WOL/TR 77-28

Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
BPHPHT (J) temporary storage for b e ¢)) MAIN CBODYP
BSN sin (ALNS) BODYR CBENT
BZ (M) b, ™) BODY CBODY
BZO (M) bz(M) at previous step MAIN CBODYP
BZPHI bz¢ BODY CBODY
BZPHIO(M) bz¢(Ym) at previous step MAIN CBODYP
BZPHIT(J) temporary storage for bz¢, (1) BODYP CBODYP
BZT(J) temporary storage for bz’ (1) BODYP CBODYP
BZZ b BODY CBODY
zz
BZZo(M) bzz(Ym) at previous step MAIN CBODYP
BZZT(J) temporary storage for bzz’ 1) BODYP CBODYP
cM) c(Y) MAIN BLANK
CE(I,N,L) E, (2) and (3) EVAL BLK@1
CENUF parameter used for bent cone calcs. INPUT CBENT
CF(I,N,L) F, (2) and (3) EVAL BLK@1
CFL stability factor; {i.e., EVAL CEVAL
2 2
max {u/(w" - a“)}
CG(1I,N,J) G, (1) and (2) EVAL, BLK@1
EVALSY
COSBN COS (THETABN) BODYR CBENT
COSPHI (M) cos (¢(Ym)) MAIN C%DDY
ac ;
CPHI (M) c¢(Ym) or =3 (Ym) MAIN BLANK
CPHIY (J) temporary storage for Cy (1) EVAL, BLKA1
EVALSY,
EVALPR
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notatiomn) Routine Block
CU(I,N,M); U(X ,Y ), (2) MAIN BLANK
N#1,NC nom
CU(1,1,M) P at wall (I = 1); s at wall MAIN BLANK
(I =2); V2 at wall (I = 3)
CU(1,NC,M) c (I=1), Cz (I1=2), c¢ (1=3) MAIN BLANK
*
CUP(I,N,M); U (Xn,Y ), (2) and (4) MAIN BLANK
N#1,NC n
* *
CUP(1,1,M) P at wall (I = 1); s at wall MAIN BLANK
(1 =2); v; at wall (I = 3), (4)
CUP(I,NC,M) c* (1I=1), el (1=2), c; (I=3), (4) MAIN BLANK
cz(M) cz(Ym) DECODE BLANK
CZY (J) temporary storage for c_, (1) EVAL, BLK@1
EVALSY,
EVALPR
’ D(N,M) o (X ,Y ) EVAL BLANK
: 3c
f DCPHZ s—zi SHOCK CSHOCK
' ac i
DCZ 37 SHOCK CSHOCK ,}
acz
DCZZ 37 SHOCK CSHOCK *
DDX 1/4X MAIN BLK@M4
DDY 1/AY MAIN BLK@4
3
: DELII parameter used for bent cone INPUT CBENT
5 calcs.
-
’ DELTA parameter used for bent cone BODY CBENT
} calcs. :
h-u'
. DELZ intercept value of cone BODY, CBODY
BODYR
DINF . INPUT BLANK
DINF2 p2 MAIN CDECODE

t 103




NSWC/WOL/TR 77-28

Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
DINX V_ cosB cosa ‘/pw/p°° MAIN CSHOCK
DST parameter used for bent cone calcs. BODYR CBENT
DY AY MAIN BLK@2
DYD3 AY/3 MAIN CINTEG
DZ AZ MAIN CBODYP
D1INF V_ cosB sina 4/r./pP, MAIN CSHOCK
D2INF V_ sing ‘/pm/pm MAIN CSHOCK
ELIM error limit for real gas iterative INPUT BLK@4
procedures
EPSQ parameter used for bent cone calcs. BODY CBENT
FA 1“'a INTEG CINTEG
aF
FAZ 'a'zﬁ INTEG CINTEG
FN Fn INTEG CINTEG
3F
FNZ 5—2—“- INTEG CINTEG
FY Fy INTEG CINTEG
3F
FYZ 5-51 INTEG CINTEG
GAMMA r, (5) INPUT, BLK@4
DECODE
GA2 r /(r, - 1), (5) MAIN, BLK@4
JUMP
GB 1/(r - 1) MAIN BLX@4
GC(N,M) parameter used in real gas iterative DECODE CDECODE

procedures
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
GD (r - 1)/2, (5) MAIN, BLK@4
DECODE
| GE (r +1)/2, (5 MAIN, BLK@4
. DECODE
o
’ GFF r+1, (5) MAIN, CDECODE
DECODE
2
GG r- -1, (5 MAIN, CDECODE
DECODE
GM(N,M) T MAIN, BLK#4
DECODE
GIM1 l—I‘eo ) MAIN CDECODE
GX I'or v RGAS RGASS
GY(M) T (Y) MAIN CINTEG
g m
4
' GYMDY g, at Y = -AY TRANGD CTRANG
‘ GYYMDY gyy at Y = =AY TRANGD CTRANG
!
f: GY1PDY gy at Y =1+ AY TRANGD CTRANG
I GYY1PDY gyy at Y =1 + AY TRANGD CTRANG
3 HINF h_ MAIN CDECODE
; HN parameter used for bent cone calcs. BODYR CBENT
K HOT2 2h _ + vi MAIN BLK@4
g i
i HX h RGAS RGASS
|« IBN = 0, spherical nose INPUT CBENT
: ; = 1, bent sphere-cone nose
E ICFL step count used after expansion MAIN BLK@3
E - discontinuity for option to reduce
step size
ICHECK Flag indicating predictor or MAIN CDECODE

corrector for DECODE
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
1DYAW = 0 symmetric case (¢O = 7) MAIN BLANK
= 1 nonsymmetric case (¢0 = 2m)
IERRPR number of previous steps to be INPUT CSAVE
printed out after error
termination
IIMPKT (M) step count used after expansion WALL BLK@3
and compression discontinuities
for X derivative cancellation
option
IJUMP (M) flag used to indicate that a © BODYP, BLK@3
discontinuity in body slope has MAIN
been sensed
' 1JUMP1 (M) flag used to control options in JUMP, BLK#3
WALL when body slope discontinuity  BODYP,
has been encountered WALL
ISWMOD flag used to select options for INPUT CWALL
wall point calculation .
; ISWSMO for 0 £ M £ ISWSMO, entropy at INPUT BLK@4
. wall 1s defined by extrapolation
JCFL =1, 2, or 3; tells which of Mys Hos EVAL CEVAL
Mg determines stability cond.
K step count MAIN BLANK
KCFL number of steps to reduce step size INPUT CWALL
after an expansion discontinuity
KFAC step size 1s reduced by AZ/KFAC INPUT CWALL
after an expansion discontinuity ;
¢
; LCNT Maximum number of real gas INPUT BLK@4
T iterations
o
3 MA MC-1 MAIN CINTEG
MC (IDYAW=0) MAIN CSAVE

5

MC-1 (IDYAW=1)

3
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Principal
FORTRAN Defining Common
Symbol Description (in Part T notation) Routine Block
MC M, the number of points in the Y INPUT BLANK
direction
MCFL value of m where stability condition  EVAL CEVAL
is determined
MCP MC+1 MAIN CTRANG
MCMAX max. ¢ pts. in dimension starements DATA Card
MOD1 = 1, second order accuracy for wall INPUT, CWALL
points WALL
= 0, first order accuracy for wall
points
MX (REAL) Mﬁ (z, = 0) INTEG CINTEG
M
MXZ (REAL) 5;—-( c = 0) INTEG CINTEG
MY (REAL) M; (z, = 0) INTEG CINTEG
M
MYZ (REAL) SEX'(ZC = 0) INTEG CINTEG
MZ (REAL) M (z, = 0) INTEG CINTEG
IME
MZZ (REAL) Sz_a (z, = 0) INTEG CINTEG
NA NC-1 MAIN BLK@4
NC N, the number of points in the INPUT BLANK
X direction
NCFL value n where stability condition 1s  EVAL CEVAL
determined
NCMAX max. r pts. in dimension statements DATA Card
NFIRST flag used in RGAS MAIN, RGASS
RGAS
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
NJIMKTC max. number of steps to modify INPUT, CWALL
X derivatives at wall after a MAIN
compression discontinuity
NJMPKT max. number of steps to modify INPUT, CWALL
X derivatives at wall after an MAIN
E expansion discontinuity
[ NGAS flag to determine gas mixture INPUT RGASS
i in RGAS
NSGD number of ¢ values to be read in INPUT CTRANG
NSFD number of x values to be read in INPUT CTRANF
NTARGET number of target points for INPUT cout
printout to be read in
NTEST > 0 then perfect gas INPUT RGASS
< 0 then real gas
P(N,M) p(Xn,Ym) EVAL BLANK
’ PDIF p. /o, MAIN CSHOCK
PHI(M) ¢(Ym) MAIN CBODY
. £
: PHIO ¢, (=T or 21) INPUT BLANK
PHI1J, ¢ interval to turn JUMP subroutine INPUT CBODYP
PHI2J of f
% PI ™ MAIN BLANK
i PID2 /2 BODYR CBENT
x PINF P, INPUT BLANK
o PWY (J) temporary storage for p at EVAL, BLK@1
‘e wall, (1) EVALSY
t PZ %% at wall WALL CWALL
;. =k
PZCOR (M) 4)1 o WALL CWALL
b4
b 108
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
R(N,M) r(Xn,Ym) TRANF BLANK
RAD w/180° MAIN BLANK
RRX gas constant RGAS RGASS
SFD (N) x = £(X ) TRANFD CTRANF
SFXD (N) fx TRANFD CTRANF
SFXXD (N) fxx TRANFD CTRANF
SGD (M) ¢ = ¢o g(Ym) TRANGD CTRANG
SGYD (M) gY TRANGD CTRANG
SGYYD (M) gYY TRANGD CTRANG
SINF s, MAIN BLANK
SINPHI (M) sin[¢(Ym)] MAIN CBODY
’ SPDIF \/ow/pw MAIN CSHOCK
SWM) s at wall DECODE BLK@4
¢
. SWY (J) temporary storage for s at wall, (1) EVAL, BLK@1
EVALSY
SZ %%-at wall, (6) WALL CWALL
TANBN tan (THETABN) BODYR CBENT
TANCO tan (CONE) BODY, CBODY
y BODYR
%
‘ TARGETZ Z values for targeting printout INPUT CcouT
25 (100)
¢
N TF4(N,L) Tf , (3) TRANF BLK@2
! 4
I
; TF6(N,L) Tf , (3) TRANF BLK@2
i 6
TF7(N,L) Te s (3) TRANF BLK@2
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block
TG4 (J) By TRANG BLK@2
TG5(J) T85 = gYY/SY’ (1) TRANG BLK®2
TG6(J) gYZ/gY’ 1) TRANG BLK@2
THETA y = ¢/¢o TRANG BLK@2
THETABN bend angle in bent cone calcs. INPUT CBENT
TX temperature RGAS RGASS
U(N,M) u(Xn,Ym) DECODE BLANK
UNOR (N, L) (N = 1,2,3, only) A, (3) EVAL BLK@1
UZCOR(I,M) Fg,m + F};_z’m - 2F§_1’m SHOCK CSHOCK
V(N,M) v(Xn,Ym) DECODE BLANK
VINF v, MAIN couT
VowY (J) v/w at wall, (1) EVAL, BLK#1

EVALSY
V1INF V&sin a cosf MAIN CDECODE
v2Q) Vv, at wall, (1) EVAL, BLK@1

EVALSY
V2INF V_sin 8 MAIN CDECODE

av

v2zZ 37 at wall WALL CWALL
W({N,M) w(Xn,Ym) DECODE BLANK
WINX V, cos a cosB MAIN CDECODE
X(N) X MAIN BLK@2
XINDEF Undefined quantity COUT |
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(2)

(3)

(4)

(5)

Principal
FORTRAN Defining Common
Symbol Degcription (in Part I notation) Routine Block
XPHI(N,L) x¢, (3) TRANF BLK@2
XR(N,L) X, (3) TRANF BLK@2
XZ(N,L) X, (3) TRANF BLK@2
X1KINEQ (2] MAIN CDECODE
X1KINP2 0+ 2 MAIN CDECODE
Y (M) Y MAIN BLK@2
YAW B INPUT CcouT
YPHI(J) Y¢, (1) TRANG BLANK
YZ(J) Yz’ 1 TRANG BLANK
z 2kt o 2K MATN CBODY
ZBB(M) parameters used in bent cone calcs. MAIN, CBENT
BODY
ZEND Zond’ final z value INPUT COUuT
ZMAXS parameter used in bent cone calcs. BODY, CBENT
BODYR
Remarks:
(i) These quantities are not fully stored. The J index identifies a

line Y = constant and is either 1, 2, or 3. For quantities indexed
as (N,J), the index N refers to X = Xn.

Quantities indexed (I,N,M), (I, ,N,J), or (I,N,L) are 4 dimensional
column vectors. The index I = 1,2,3, or 4 indicates the component
(from top to bottom). The exceptions are CUP(I,1,M), CU(I,1,M),
CUP(1,NC,M), and (CUI,NC,M).

These quantities are not fully stored. The L index identifies a
line Y = constant and is either 1 or 2. For quantities indexed as
(N,L), the index N refers to X = Xn.

At certain points in the MAIN, these locations store the numerical
Z-derivatives of the indicated quentities for the predictor step.

In real gas calculations, these quantities are defined with
r = r, in MAIN. 1In perfect gas calculations, these quantities
are constants.
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9. MAIN

MAIN is divided into two sections. Section 1 is comprised of all
operations performed at the initial entry to the program; hence, this
section is executed only once in the entire calculation. Section 2 contains
the predictor-corrector marching scheme and is, therefore, executed
repeatedly. Each cycle through this section corresponds to one marching
step of the calculation. The basic operation of MAIN, and hence the
entire program, is shown schematically in Fig. 8. Each rectangle in the
figure represents a major subsection of the program. Note well, these
functional rectangles can be easily identified in the listing by locating
the corresponding comment cards. The individual subsections are described
in Secs. 9.1 and 9.2 below.
9.1 Section 1

Input - The initial flow field data is input from tape and rezoned
if necessary. Also, various program controls and parameters are input
from cards. Specific instructions and descriptions of both of these

inputs are given in the User's Manual.

Initializations and Parameters - Various fixed parameters used through-

out the calculation are computed and the X,Y,CU, and ASQ and GM arrays are

inttialized (except for N=1 and NC) using the initial flow field data.
ac
¢

ac
Preliminary Predictor Loop - This loop computes the derivatives 32° 32

= 2, —=£, £ yhich are required in the predictor for the first
step. These derivatives are determined using (3.9a) -(3.9¢), (3.6a),

(3.16) - (3.18); their values are stored in the CUP and CP arrays.
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SECTION 1 SECTION 2
START
AZ
-
NEW Z
INPUT l
l PREDICTOR
UPDATE
INITTALIZATION LOOP
AND
PARAMETERS
CORRECTOR-
PREDICTOR
PRELIMINARY LOOP
PREDICTOR l
LOOP
FORCZ-
|  MOMENT-
OUTPUT
RESTART
TAPE,
STOP
Fig. 8. Flow chart of MAIN
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Here the CU, ASQ, and GM arrays (see sec. 8) for N=1 and NC are initialized
using wall and shock quantities from the initial data. In each pass through this
loop, the above operations are performed on the adjacent lines M-1 and M*., The
quantities K1,K2 (= 1 or 2) are indices which identify certain quantities
determined in the previous pass through the loop (see the comment statements
in the listings for more details). When the loop has been completed, the
stability parameter, CFL, for calculating the step size for the first step
has been determined (in EVAL).

9.2 Section 2

AZ,new Z - In this subsection, the step size AZ is determined using
the value of the stability parameter, CFL, obtained in the previous cycle
or, in the case of the first step, in the Preliminary Predictor Loop. After
an expansion discontinuity, AZ can be reduced if this option 1is selected
by the user. The new value of Z is then obtained by incrementing the
previous value of Z by AZ, This subsection also contains tests to determine
if an axes shift is necessary in bent cone calculations (see User's Manual

for details).

Predictor Update Loop - In this loop the predicted values of the

conservation vector U, the wall quantities P,Vz,s, and the shock geometry C,CZ,C¢
for the new value of Z are determined using (3.6a), (3.13) , and (3.10).

Recall that the Z-derivatives appearing in these equations were computed

in the previous cycle or, in the case of the first step, in the Preliminary

Predictor Loop and were stored in the CUP and CP arrays. In the execution

of the loop, the predicted values, as they are determined, replace the

derivative values in these arrays.

*The set of computational points {X(N),Y(M)} where M is fixed and N=1,2,+++,NC
will be referred to as the line M.
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Corrector-Predictor Loop - This loop contains the major part of the

marching step calculation. In the loop, various operations are performed
on the adjacent lines* M, M-1, and M-2. The quantities K1,K2 (= 1, or 2)
and J1,32,J3 (= 1, 2, or 3) are indices which identify certain quantities
determined in previous passes through the loop (see, the comment statements
in the listing for more details). In each pass through the loop, the
following operations are performed in the sequence indicated#**:

(i.) On the line M, the predicted values of the flow variables
P,O,W,U,V,az are determined from the predicted

values of U,P,st,c €, ¢ (c.f., DECODE, see Sec. 10.2). Note that the

¢’
predicted values of U,P,Vz,s,c¢,cz,c were determined in the Predictor Update

Loop -

(ii.) The corrected value of ¢ at Y = Y(M) is determined using
(3.11).
(iii.) On the line M-1, the corrected values of the conservation

vector U, the wall quantities P,Vz,s, and the shock geometry c ’C, are

¢

determined using (3.6b), (3.14), (3.11). These are stored in the CU array.
(iv.) On the line M-1, the corrected values of p,p,u,v,w,a

are determined using the quantities obtained in (i1i1), and the corrected

value of ¢ determined in (ii.) for the previous pass through the loop;

c.f., DECODE,

Sec. 10.2. Note that the corrected values obtained here replace the

*Ibid

**The sequence of operations indicated here is necessarily modified for the
first and last two passes through the loop (see the listing for details).
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predicted values in the P,D,U,V,W,ASQ, CPHI,CZ arrays on the line M-1,
The predicted values on M-1 are no longer needed in the calculation.

(v.) If for Y = Y(M-1), a discontinuity in body slopes has been
found (by BODYP), the true body geometry is substituted for the modified
geometry (in BODYPP) and discontinuities in the surface flow variables
are computed (in JUMP). This procedure is discussed in detail in Sec. 4.1.

(vi.) On the line M-1, the-local stability parameters u/(w2 - az)
(c.f., Sec. 3.6) are computed using the corrected values of the flow variables
and the maximum of these parameters taken over all previously computed

lines is up-dated to include the line M-1 (in EVAL). Note that the stability

parameters being considered here are for the next Z step. R ;
3P 8V2 3s 3d¢ cz CQ

——

(vii.) On the line M-2, the derivatives %g, 3z° 32 ® 9z’ 3z’ 3z ® 3z
required for the predictor for the next step are computed using (3.6a),
(3.16)~-(3.18), and (3.9a)-(3.9c).  These quantities are stored in the
CUP and CP arrays.

Note that after the Predictor-Corrector Loop has been completed, the
arrays CU,C,CZ, CPHI,P,U,V,W,ASQ contain corrected values of the corresponding
quantities at the new value of Z. The arrays CUP and CP contain the values
of the Z derivatives required for the predictor step of the next cycle.
Furthermore, the stability parameter, CFL, for determining the size of
the next step has been determined.

Force and Moments, Output — On this subsection, the aerodynamic force

and moment results are computed (in INTEG) and outputs are performed.

The flow variables and the force and moment results for the current step
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are output to a binary tape (TAPE 16). Also, if selected by the user,

the current flow field results are output on-line (in FIELD). The various

options available for on-line printout are discussed in the User's Manual.
If the calculation is to be continued (i.e., the current value of Z

is less than ZEND and the step count K is less than the maximum number

of steps selected by the user), the control is returned to the beginning of

Section 2 and the cycle for the next step is performed. If, on the other

hand, the calculation is to be terminated, the current flow variables

and the force and moment quantities are output to a binary tape (TAPE 17).

This tape serves as an input tape if the calculation is to be restarted

from the current station in a different run (see the User's Manual for instruc-

tions on restarting). The final operation before termination is the on-line

printout of the surface pressure data and the force and moment coefficients

(see OUT, Sec. 12.3).
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10. SUBROUTINES USED IN THE FLOW FIELD CALCULATION

The subroutines discussed in this section are all called from
MAIN in the Preliminary Predictor Loop and the Corrector-Predictor Loop.
These two loops and the subroutines of this section constitute the
complete algorithm for computing one marching step of the flow field

calculation. All the subroutines in this section are line operations;

i.e., when the subroutine operation depends on X and Y, all points

X(N), Y(M) where M is fixed and N = 1,2,++- NC are considered for each
entry. When the subroutine operation depends exclusively on Y, only the
value Y = Y(M) is considered for each entry. Generally, the inputs to

and outputs from these subroutines are via the COMMON BLOCK (see Sec. 8).
Thus the arguments in the calling sequences of these subroutines only
contain indices which identify the input/output quantities on the particular
line for which the subroutines are to operate (the exceptions to

this are DECODE (see, Sec. 10.2) and JUMP (see, Sec. 10.4).

10.1 BODYP, ENTRY BODYPP

Calling sequence: Call BODYP (M,J3)

where M is the line index; i.e., Y=YM).
J3 (= 1,2, or 3) is the identification index corresponding
to the line M for the body parameters
Al,A2,-- ,A5,A7.
Description: This routine defines the body parameters A1(J3),---,
A5(J3),A7(J3) for the line M (for definitions of these quantities, see
Sec. 8). These quantities are computed using the body geometry contained

in B(M), BPHI(M), BZ(M), BZZ, BZPHI, and BPHPHI (determined in BODY). Note

that BODYP is always called after BODY in the MAIN.
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This routine also tests for discontinuities in body slope (see
Sec. 4.1 for a discussion of the procedures used when such discontinuities
are present). If a discontinuity is found and if subroutine JUMP is to
be used, the flag IJUMP(M) is set to 1 and the old (previous) values of
bz, b,, bz

¢ ¢
A1(J3), A2(J3), etc. 1In this case, the true values of the body derivatives

, and bzz (stored in BZO(M), BPHIO(M), etc.) are used to define

are stored temporarily in BZT(J3), BPHIT(J3), etc. The entry point BODYPP
is used only when the JUMP routine is used. It is called from the
Corrector-Predictor Loop for the purpose of redefining the arrays Al1(J3),
A2(J3), etc. using the true values of the body derivatives.

10.2 DECODE

Calling sequence: CALL DECODE (M,CV, J,NDIM,MDIM)

where M is the line index; i.e., Y = Y(M)

cv is either the CU or CUP array

J (= 1,2, or 3) is the identification index corresponding
to the line M for the body parameter
A2
NDIM is the value of the dimension for the N
index of CV
MDIM is the value of the dimension for the M
index of CV

Description: This routine defines the flow variable arrays P,D,U,V,W,ASQ

and the shock arrays C,CZ,CPHI for the line M. The flow quantities at the

wall (N = 1) are determined from the values of P, V2, and s contained in the
CV array for N = 1 using p = exp(P), (2.4b), and (3.15). For interior points

1<N<NC, the flow quantities are determined from the values of the
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conservation vector contained in the CV array using the procedure described
in Sec. 3.2. At the shock N = NC, the flow variables are determined using

the Rankine-Hugoniot relations with c,c contained in the CV(1,NC,M)

¢z
Ccv(3,NC,M),CV(2,NC,M) arrays (see Sec. 3.3). The thermodynamic properties

needed in these procedures are supplied from subroutines RGAS and HGAS.

This routine also contains the selective smoothing procedure given
in section 4.1. When an interior point has a negative pressure, the
conservation vector CV is redefined at that point using (4.11) and flow
variables are recomputed.

10.3 EVAL, ENTRY EVALSY, ENTRY EVALPR

Calling sequence: CALL EVAL (L,M,IT,JSG,JCG,JCFCE)

where L is 0 in the predictor and 1 in the
corrector

M is the line index; i.e., Y = Y(M)
IT (= 1 or2) 1is the identification index corresponding
to the line M for XZ,XR,XPHI,TF4,
TF6,TF7

JSG (= 1,2, or 3) is the identification index corresponding
to the line M for YPHI,YZ,TG4,TG5,TG6

JCG is the identification index corresponding
to the line M for CG,VOWY,PWY,SWY,V2

JCFCE (= 1 or 2) is the identification index corresponding
to the line M for CF,CE,UNOR

Description: This routine determines the flux vectors F and G and
the source term E on the line M using the definitions given in (3.3a),

(3.3b), and (3.3c). The flow variables p,p, etc. used in these equations
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are the current values contained in the COMMON arrays P,D, etc. on the

line M. On this line, these arravs mav contain predicted values (when

L = 1) or corrected values (when L= 0). The other quantities required

in (3.3a) - (3.3¢) are XZ,XR,XPHI,TF4,TF6,TF7 (from COMMON using the

index IT) and YZ,7TG4,TG5,TG6 (from COMMON using the index JSG). The values
of F and E that are obtained are stored in COMMON arrays F and E using the
JCFCE index; the value of G is stored in the CG array using the index JCG.
This routine also computes and/or stores various quantities used in WALL and
SHOCK. These are A for N = 1,2,3 (stored in the COMMON array UNOR using

the index JCFCE), the wall values (N = 1) of v/w,p,s,V2 (stored

in the COMMON arrays VOWY,PWY,SWY, and V2, respectively, using the index
JCG) and the shock slopes ¢

using the index JCG). ¢
For each step Z, of the calculation, EVAL is entered twice; once

T (stored in COMMON arrays CPHIY and CZY

when L = 0 (predictor) and once when L = 1 (corrector). When this routine
is entered with L = 0 (corrected values in P,D, etc.) the local stability
parameter p/(w2 - az) (c.f., Sec. 3.6) is computed and compared to the
maximum of these quantities taken over the previously executed lines. Note
that the value of CFL in COMMON after EVAL has been executed is the maximum
of the local values taken over the lines 1,2, ,M.

The entry EVALSY is used in the symmetric problem to define the COMMON
arrays CG,VOWY,PWY,V2,CPHIY, and CZY on the "fringe'" lines corresponding to
~AY and 1 + AY. The flow variables on these planes are determined using

the symmetry conditions (3.21) and (3.22). For this entry, the argument

M is 2 (for Y = - AY) and MC-1 (for Y = 1 + AY); the index IT identifies the
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elements of the COMMON array TGS correspending to Y = 0 or Y = 1; and
the index JSG identifies the elements of the arrays YZ and YPHI corresponding
toY =-AY or Y = 1 + AY,

The entry EVALPR 1s used in the non-symmetric problem to define the
COMMON arrays CG,VOWY,PWY,VZ,CPHTY, and CZY on the planes -AY and 1 using
(3.24). 1In this entry M is MC~1 for the plane Y = - AY and 1 for the plane
Y = 1; the index JCG identifies the elements of the COMMON arrays YZ and
YPHI on these planes.

10.4 Jump

Calling sequence: CALL JUMP (DBP,DBZ,MB)

where DBP  is Kb¢/b)_ - (b¢/b)J (see Part I notation)

DBZ 1is [(bz)_ - (bz)+] (see Part I notation)

MB is the line index; i.e., Y = Y(MB)
Description: This routine computes the discontinuities in the flow
variables p,o,u,v,w,a2 at the wall (N = 1) associated with discontinuities

in bz and/or b,; c.f., Sec. 4.1. This routine is called only when a

¢
discontinuity is found (in BODYP) for Y = Y(MB) (i.e., the flag IJUMP(MB) = 1).
The routine computes che surface flow variables on the downstream side of

the discontinuity (subscripted + in Sec. 4.1) using the formulas given in

Sec. 4.1. The flow variables with subscript - in Sec. 4.1 are input from
COMMON in the P,D, etc. arrays with N = 1. The output flow quantities
(corresponding to the subscript + in Sec. 4.1) are stored in these locations
when the routine is executed. The routine also sets the flag IJUMP1(MB)

(see comment cards of JUMP for details), puts ISWSMO = 0, if there is a

compression corner, and starts the counts ICFL and IJMPKT (MB).

These are used in WALL and the MAIN to control
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various special procedures for the wall point calculations downstream of
the discontinuity (see, Sec. 4.1 for details).

10.5 TRANF, ENTRY TRANFW

Calling sequence: CALL TRANF(M,J,1)

where M is the line index; i.e., Y = Y(M)

J (= 1,2, or 3) is the identification index corresponding
to the line M for YZ,YPHI,TG6

I (=1o0r 2) is  the identification index corresponding
to the line M for XR,XZ,XPHI,TF4,
TF6,TF7

g

Description: This routine defines the arrays R,XR,XZ,XPHI,TF4,TF6,
and TF7 on the line M using the definitions given by (3.3g), (3.31i), and

r=5>b+ x(c - b). The quantities x = f, f fy, etc. appearing in these

Z’
equations must be specified in this routine by the user. Specifically,
defining relations for the following FORTRAN variables must be programmed

] into this routine as functions of (X,Y,2):

£ SX=f, SFX=f, , SFY =f,, SFZ =f

X Y A

SFXX = £, SFYX = f_, , SFZX = f

XX YX ZX

(see Sec. 4.3 for a discussion of the requirements on the choice of the
mapping function f(X,Y,Z) and a non-trivial example). In the routine,
any of the above variables which do not depend explicitly on X can be
defined outside the loop on N; all variables defined which depend on X

fl must be defined inside the loop on N (see listing). Note that version 1

g of this routine given in Appendix D has two options. One is for the case of no

clustering in the radial direction; i.e., f(X,Y,Z) = X, hence, SX = f = XN),

SFX = 1.0, and SFY = SFZ = SFXX = SFYX = SFZX = 0. The other option allows

the user to select the desired mesh spacing in the radial direction by directly
inputing the values of x = f to be used in the calculation (see sec. 4.3 for
details). When this option is used, the necessary data is read-in and the

. quantities f,fx, and fxx (all Y and Z derivatives of f are zero) are computed
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in TRANFD (see sec. 12.5). These derivatives are input to TRANF via the

COMMON arrays SFD, SFXD, and SFXXD, The other quantities needed in
the evaluations of R,XR, etc. are YZ,YPHI,TG6 (input from COMMON using

the index J) and B,BZ,BPHI,C,CZ, and CPHI (input from COMMON using the
index M). The quantities XZ,XPHI,TF4,TF6, and TF7 are stored in COMMON
using the index I. Note, this routine is called only once per line.
For this call, C contains the corrected value, CPHI and CZ contain predicted
values. When the corrected values of CZ and CPHI are determined, the
quantities XZ,XPHI,TF6,TF7 (the only ones depending on CZ and CPHI) are
updated in the Corrector-Predictor Loop.

The entry point TRANFW is used only once in the program (called
from Section 1 of MAIN). Its purpose is to print out on the heading page
an identification of the particular mapping function f used in the routine.

10.6 TRANG, ENTRY TRANGW

Calling sequence: CALL TRANG(YY,M,J)

where YY is the value of Y = Y(M)
M is the line index
J is the identification index corresponding
to the line M (where M is such that
YY = Y(M)) for YPHI,YZ,TG4,TG5,TG6

Description: This routine defines the quantities THETA,YPHI,YZ,TG4,TGS5,
TG6 for Y = YY

where

THETA =y = g , YPHI = 1/(¢_8y) » YZ = - g,/gy

TG4 = 8y - TGS = gYY/gY , TG6 = gZY/gY .
These quantities are stored in COMMON using the J index.
The quantities g, By» By, etc. appearing in the above definitions must

be specified in this routine by the user. Specifically, defining relations
for the following FORTRAN variables must bhe programmed into this routine

as functions of (YY,Z):

SG =g, SGY =g SGZ = g,

Y ’

SGYY = g SGYZ =

Pyz

Y‘Y ’
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(see Sec. 4.3 for a discussion of the requirements on the choice of the

mapping function g(Y,Z) and a non-trivial example). Note that version 1

of this routine given in Appendix D has two options. One 1is for the case of

no clustering in the azimuthal direction; t.e., g(YY,Z) = YY, hence, SG = YY,
SGY = 1.0 SGZ = 0, SGYY = 0, SGYZ = 0. The other option allows the user

to select the desired mesh spacing in the ¢-direction by directly inputing

the values of ¢ (M) to be used in the calculation (c.f,, sec. 4.3). For this
option, the necessary data is read-in and the quantities g,gY,gYY (Z derivatives
of g are zero) are computed in TRANFD (see sec. 12,6). These are input to

TRANG via the COMMON arrays SGD, SGYD, SGYDD using the index M.

The entry point TRANGW is used only once in the program (called from
Section 1 of MAIN). 1Its purpose is to print out on the heading page an
identification of the particular mapping function g used in the routine.

’ 10.7 WALL

Calling sequence: CALL WALL(M,JR,JI.,JSG,IF,L)
where M is the line index; i.e., Y = Y(M)

JR,JL (= 1,2, or 3) are line identification indices used
for the Y differences (i.e.,
corresponding to M and M + 1,
respectively, for the predictor and
to M - 1 and M, respectively, for the
corrector)

\ JSG (= 1,2, or 3) is the identification index corresponding
’ to the line M for YPHI,YZ,TGS5,TG6,
A3,A4,A5,A7

IF (=1 or 2) is the identification index corresponding
! to the line M for XR,TF6,TF7,UNOR

L L is 0 in the predictor and 1 in the

corrector
3P 1 5p W, 3s
Description: 1In this routine, the derivatives KE-= B N7 A7 and 7

are computed for use in bhoth the predictor and corrector for the wall
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points (X = 0, N = 1); c.f., Sec. 3.4. This routine contains both the ;
formulations described in Section 3.4. These formulations are denoted
in the code using the following terminology:

MOD 0 indicates that (3.16a) and (3.17a) are used in ;
(3.16) and (3.17), respectively. :

MOD 3 indicates that (3.16b) and (3.17b) are used in
(3.16) and (3.17), respectively.

When the flag ISWMOD = 0, MOD O is used; when the flag ISWMOD = 3,
MOD 3 is used. This routine also contains the option for using second
order accurate differencing for the wall points; i.e., (3.19). This option
can be used with either the MOD O or the MOD 3 formulations. It is
controlled by the MOD1 flag; i.e., second order accuracy is used when
MOD1 = 1 and is not used when MOD1 = O. Another option contained in this

. routine is that of wall entropy reduction (see, Sec. 4.2). This option i
can be used with any combination of the other options; it is controlled
by the flag ISWSMO. When ISWSMO # 0 and M £ ISWSMO, the routine computes

the wall value of s (not its derivative) using the extrapolation formula

(4.10.2).
Initially, the usci can select which of the above options are to

be used (see User's Manual for instructions). When discontinuities in
N body slope are encountered on the line M, modifications in the computational
procedure at the wall are automatically made on the line M and other
' options come into play (see Sec. 4.1 for a discussion of these procedures).
The wall point céléulation on the line M is controlled by the flag
IJUMP1(M). When IJUMP1(M) = 0 the user selected options are used; i.e.,
there is no body slope discontinuity on the line M. Immediately after
a discontinuity is found on the line M by BODYP, IJUMP1(M) (in JUMP or

BODYP) is set to: 2 if JUMP finds no pressure change across the discontinuity
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(or if JUMP is not used), 3 if JUMP finds a pressure change due to an
expansion, 4 if JUMP finds a pressure change due to a compression. When
IJUMP1(M) = 2, the wall point calculation is as follows for the remainder
of the run:
(i.) MOD O is used on the line M
(i1.) the entropy reduction option is turned off (ISWSMO is
set to zero in ggﬁg) if a compression corner exists
(iii.) on the line M, second order accuracy is turned off (if
originally selected)

When IJUMP1(M) = 3 or 4, (i.) - (iii.) are used with the option for
zeroing the X derivative terms in (3.16) (c.f., Sec. 4.1). This option
will then be used for ensuing marching steps on the line M until the
test (4.10.2) is satisfied on the line M or until a maximum number of
sfeps downstream from the discontinuity have been taken. The maximum
number of steps used in this procedure can be chosen by the user and can
differ for expansions or compressions. Whemn either of the above criteria
are satisfied, the flag IJUMP1(M) is set to 2 for the remainder of the run.

Note, the associated counting and testing is performed in this routine.

3P 8V2 9s

3z’ 3z * 3z’
differenced are input from COMMON in the arrays PWY,VOWY,SWY,V2 or CG

In the evaluation of the quantities which must be Y
(N = 1) depending on whether the MOD O or the MOD 3 formulation is used.
The Y differences (forward for the predictor, backward for the corrector)

are controlled by the MAIN using the indices JR,JL. The final results for

av
%%g SEZ’ and %% are returned to MAIN using the COMMON variables PZ,V2Z,

and SZ, respectively; however, when the entropy is extrapolated the value

of s, not its derivative, is returned in SZ.
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10.8 SHOCK

Calling sequence: CALL SHOCK (M,JR,JL,JSG,IF,L)

where M 1s the line index, 1i.e., Y = Y(M)

JR,JL (=1,2, or 3) are line identification indices used for
for Y differences (i.e., corresponding
to M and M-1, respectively, for the
predictor and to M-1 and M, respectively,
for the corrector)

JSG (=1,2, or 3) is the identification index corresponding
to the line M for YPHI, and YZ

IF (=1 or 2) is the identification index corresponding
to the line M for CF, CG, and CE

L 1s 0 in the predictor and 1 in the
corrector
ac ac
dc

Description: In this routine, the derivatives 32° 5E£’ and SEE
are computed for use in both the predictor and corrector steps; c.f.,
Sec. 3.3. The quantities to be Y differenced are input from COMMON in
the arrays CZY, CPHIY, and CG. The Y differences (forward for the

predictor, backward for the corrector) are controlled by MAIN using the
3¢ 3c
indices JR,JL. The final results for %%, 37 Szz-are returned to MAIN

using the COMMON variables DCZ,DCPHZ,DCZZ, respectively.
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11. AUXTILIARY SUBROUTINES

11.1 1INTEG

Calling sequence: CALL INTEG (IFLAG)

where IFLAG is 0 for the first entry and 1 for
all other entries

Description: This routine numerically integrates the surface
pressure results to obtain the components of the aerodynamic force and
moment and their z derivatives. The definitions of these quantities and the
procedures used for their evaluation are described in Section 5. In this

routine, the center for the moment is the origin; i.e., zc = 0. When the

]

routine is called for the initial value of Z (= zo), IFLAG = 0 and only

the z derivatives are computed. When the routine is called for each
subsequent step, Zk, IFLAG = 1 and the z derivatives and the components are

computed. The latter corresponding to the body truncated at z = Zk. The

quantities required for evaluating the integrands in (5.1) - (5.5) are
input using the COMMON arrays P(N = 1),B,BZ,BPHI,GY,COSPHI,SINPHI. The
results are stored in the COMMON arrays FN,FY,FA,MX,MY,MZ,FNZ,FYZ,FAZ,MXZ,
MYZ,MZZ. Note that (for the symmetric problem only the

non-zero quantities are computed. Also, the numerical formulas for

determining the z derivatives are slightly different from those used

for the non-symmetric problem.
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11.2 INTRPL

Calling sequence: CALL INTRPL (L,X,Y,N,XX,YY)

where L is th% number of pts. Iin the input arrays X
and Y

X 1is the array containing abscissas of
the input table to be interpolated

Y is the array containing the ordinates
of the input table to be interpolated

N is the dimension of the XX and YY arrays

XX is the array containing the abscissas at
which the interpolant is to be evaluated

YY is the array containing the ordinates
obtained by evaluating the interpolant
at the XX values

Description: This routine is called from REZONE and SHFAX for the purpose

of interpolating the given points (X,Y) to find the values YY corresponding
! to the specified XX values. The routine given in Appendix D uses standard

linear interpolation. The routine assumes that the input data in the X

and XX arrays are increasing; i.e., X(I) < X(I + 1) and XX(I) < XX(I + 1).

11.3 REZONE

Calling sequence: CALL REZONE (NCNEW,MCNEW, ROLD, PHIOLD,DCUB,DARR1, DARR2,

DARR3,DARR4 ,ND1M,MD1M)

where NCNEW is the number of points in X direction
A for the run
T MCNEW is the number of points in Y direction
¢ for the run
¢ ROLD is a dummy array used to store R array

‘ from input tape

PHIOLD is a dummy array used to store the PHI
array from input tape
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DCUB is an array used to store the P,U,V,W
arrays from input tape*

DARR1,DARR2,DARR3 are temporary storage arrays corresponding
to the index M

DARR4 is temporary storage array corresponding
to the index N

NDIM is the value of the dimension for the
N index

NDIM is the value of the dimension for the
M index

Description: This routine must be used when the coordinates r and ¢
of the initial data on the input tape are different than the r,¢ coordinates
corresponding to the computational mesh for the run. The routine generates
initial data at the points of the computational mesh by interpolating the
data obtained from the input tape. The interpolations are performed in
INTRPL (see, Sec. 11.2). Instructions for using the routine are given
in the User's Manual.
11.4 RGAS

Calling sequence: CALL RGAS (PX, RX, SX, NUMX)

where PX is pressure
RX is density
SX is entropy

NUMX is a flag indicating mode of operation
(see below)

Description: This routine was developed at NASA Ames to provide
thermodynamic properties of 13 different gas mixtures. The variable

NGAS indicates which mixture is to be used. When NUMX is 4, pressure

*Note that the use of DCUB in this routine requires that the arrays P,U,V,W
are consecutive in COMMON.
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and density are input and entropy (SX), enthalpy (HX), sound speed (AX)
and temperature (TX) are found directly using table look-ups. When
NUMX 1is 5, entropy and pressure are input and an iterative procedure is
used to determine density. This value of density and the given pressure
are then used to find the other variables (as in the case NUMX=4), If
NTEST is non-negative, perfect gas relations are used. In this mode GX
contains vy and RRX the perfect gas constant. The variables
AX,HX,TX,RRX,GX ,NTEST ,NGAS are transmitted to and from the routine via
COMMON/RGASS. For a more detailed description of RGAS see the following:
Eaton, R. R. and Larson, D. E. "Improved Real Gas Routines for Sandia's
NASA Ames Flowfield Program', SAND 75-0493, Feb,, 1976.

11.5 HRGAS,ENTRY ARGAS

Calling sequence: CALL HRGAS (PX,RX,QX,N1)

where PX 1s pressure
RX is density
QX 1s sound speed square

N1 1is a flag indicating mode of
operation

Description: This routine is a shortened version of RGAS which
calculates only enthalpy (HX) and sound speed given the pressure and the
density. This routine is called only in real gas calculations. If
N1 = 2 only enthalpy is returned; for N1 = 1 both quantities are returned.
ENTRY ARGAS is similar except that the values of pressure and density
are those defined in the last HRGAS call. This subroutine must be used

in conjunction with RGAS since this latter routine loads the COMMON

arrays used by HRGAS.
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11.6 SERCH, LOCATE

These routines are called only in RGAS and HRGAS. They have no

direct use in the flow field calculation and therefore will not be
discussed here,

11.7 SHFAX, SHFAXD

Calling sequence: CALL SHFAX (I,NDIM,MDIM,RN,UN,VN,WN,PN,DN,CPP,
CZ0,CON,CN,CNO,CPHIO)

where I is (=1,2) a flag indicating which of the two
criteria is used for axis shifting (c.f.,
sec. 11, User's Manual)

NDIM is the value of the dimension for the
N index

MDIM is the value of the dimension for the
M index

RN,UN,VN,WN,PN,CPP, are dummy storage locations
CZ0,CON,CN,CNO,CPHIO

Description: SHFAX is called when the coordinate system 1s to be
shifted by a parallel displacement of the z axis in the x-z plane (see
Fig. 1). This procedure is used in bent nose calculations. ¥For a
discussion of this mode of calculation see the user's manual. The
coordinate system is shifted by the amount ZAS (see user's manual for explana-
tion of this and other parameters used). The x,y,z coordinates of the
.2w (shifted) origin in the original system is (- ZAS,0,0). The routine
determines the flowfield variables and shock geometry for restarting the
calculation on the initial plane in the shifted coordinates which
corresponds to the last computational p’ine in the original coordinate
system. This is performed using bilinear interpolation of the known flow

field in the original coordinate system. The aerodynamic moments are also
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referenced to the new origin, The flow variables, shock geometry, and
moments in the original coordinates are input from COMMON; also the
corresponding quantities in the shifted coordinates are output using
COMMON. "The dummy storages are used internally for the interpolatioms.
SHFAX is called from SHFAXD (see below). “

Calling sequence: CALL SHFAXD (I,NDIM,MDIM, cv,cve,Ccp,CZ20,CON,
CN,CNO,CPHIO)

I 1is (=1,2) a flag indicating which of the two
’ criteria is used for axis shifting (sec. 11,
User's Manual)

NDIM 1is the value of the dimension for the
N index

MDIM 1is the value of the dimension for the
- M index .

cv,cvp,CP,C20,CON,CN, are dummy storage locations
CNO,CPHIO

Description: This routine calls SHFAX. Tt sets-up -the Summy

storages used in SHFAX.
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12. INPUT-OUTPUT SUBROUTINES

12.1 BODY, ENTRY BODYW, ENTRY BODYR

Calling sequence: CALL BODY (M)

where M is the line index; i.e., Y = Y(M)

Description: This routine inputs to the program the values of the
body shape function, b(¢,z), and certain of its derivatives (see below)
for ¢ = PHI(M) and z = Z. Where, the values of PHI(M) and Z are input to
the routine from COMMON. The coordinate system in which the function
b(d,2z) is specified is illustrated in Fig. 1. The specific COMMON
variables which are defined in this routine are:

B(M) =b , BZ(M) = bZ , BPHI(M) = b¢

; B BZPHI = b BZZ = b, BPHPHI = b

z¢ ’ o

This subroutine must be supplied by the user to describe the particular

body geometry to be considered in the calculation. The only programming

Lo
LR

requicrements are that the COMMON block CBODY (also CBENT if bent nose is used)
mus: be included in the subroutine and the above quantities must be defined
for ¢ = PHI(M) and z = Z. The version of this routine supplied in the
listings (Appendix D) is discussed in the User's Manual.

The entries BODYW and BODYR are used only once in the program (both
are called from Section 1 of MAIN), The entry BODYR is used to read-in
;: and compute the parameters used in the body shape function. The entry
! BODYW is used to print-out on the heading page a message which identifies

! the particular geometry being considered in the run.
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12.2 FIELD

Calling sequence: CALL FIELD

Description: The purpose of this routine is to print-out the flow
field data for a fixed axial station, Z, where Z is input from COMMON.
The execution of this routine is controlled by the user with various output
options (see the User'é Manual for descriptions and instructions). This

routine can be easily adapted to suit the individual needs of the user.

Note that for each entry to the routine, the final (or corrected) values
§ of the flow variables at the axial location Z are contained in the COMMON
array P,D,U,V,W,ASQ. The specific outputs contained in the version of
FIELD given in the listings are discussed in the Users' Manual.

12.3 OUT

‘ Calling sequence: CALL OUT

é Description: This routine is executed when the flow field calculation

is completed. The purpose of the routine is to print out on-line surface

pressure distributions and force and moment data. A description of these
outputs is given in the User's Manual. The data to be printed out in this
routine is read from the output tape (TAPE16) generated during the run.

The routine converts the force and moment data to coefficient form and computes
the centers of pressure (when defined) (see, Section 5 for definitions).

The values of Are used in the definitions of these quantities

£ Zc Zref
i are input in this routine (see User's Manual- for details).
N 12.4 RECOVR, SAVE

Calling sequence: EXTERNAL SAVE

CALL RECOVR (SAVE, FLAGS, CHECKSUM)
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where

is called.

Calling sequence:

where

OUT (see, Sec. 12.3).
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tion procedure would otherwise occur.

a description of the variable IERRPR.
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the name of subroutine to be
executed if flagged conditions occur

the octal value for conditions under
which recovery code is to be executed.
In this code, subroutine SAVE is
executed if there is an arithmetic mode
error, PP call or auto-recall error,

or time or storage limit exceeded.

has to do with taking check sums.
If equal to 0 no checksum desired.

Description: RECOVR is a special recovery routine supported by CDC
on their operating systems SCOPE 3.4 and KRONOS 2.1. The RECOVR subroutine

allows a user program to gain control at the time that abnormal job termina-

In this program, subroutine SAVE

CALL SAVE (EZ,ENRUN,RAPO)

a 17 word integer array of the exchange
package. The program does not use
this array.

a flag that determines the type of
program termination. The program does
not use this flag.

may be an array starting at RA + 1.
The program does not use this array.

Description: The subroutine SAVE calls subroutine FIELD (see, Sec. 12.2)

for the last TERRPR steps of the calculations. See the User's Manual for

Also, subroutine SAVE calls subroutine
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12.5 TRANFD

Calling sequence: CALL TRANFD

Description: This routine is called when the mesh spacing in the
radial direction is read in from cards (see users manual for details).
The routine is called only once in the program (from Section 1 of MAIN).
TRANFD reads in the values of x = f(Xn)* to be used in the calculation
and computes numerically the derivatives fx and fxx (c.f., sec. 4.3).
The quantities x = f, fx, and fXX are returned using the COMMON arrays
SFD, SFXD, and SFXXD, respectively. Note that NSFD is the number of

radial points in the computational mesh,

12.6 TRANGD
Calling sequence: CALL TRANGD
* : Description: This routine is called when the mesh spacing in the

¢-direction 1s read in from cards (see user's manual for details). The
routine is called only once in the program (from Section 1 of MAIN).
1 TRANGD reads in the values of ¢ = ¢0 g(Ym)** to be used in the calculation

F and computes numerically the derivatives gy and Byy (see, sec. 4.3). The

{ quantities g, By» and Byy are returned using the COMMON arrays SGD, SGYD,
SGYYD respectively, Note that NSGD is the number of ¢ planes in the
computational mesh., When a symmetric problem is being computed TRANGD

also computes By and Byy On the fringe planes -AY and 1+AY. These quantities
vf are returned using the COMMON variables GYMDY and GYYMDY (for Y = -AY)

and GY1PDY and GYY1PDY (for Y = 1+AY).

*In this option, the mesh clustering function f(X,Y,Z) is assumed inde-
pendent of Y and Z.

**In this option, the mesh clustering function g(¥,Z) is agsumed
independent of Z.
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APPENDIX D

LISTINGS

In this appendix the fortran listings of the code are given (with

the exception of RECOVR which is a CDC system routine). The listings

given here contain the error mode update, IDENT DUMP, which is described

Tmey Trm TR TR TETT——

in sec. 12.2 of the User's Manual.

Page No.
MAIN, D3CSS (8€C. 9) v « « « o o o o o « o o o o o « s o o« o« « « « 140

BODYP (sec. 10.1). . & v & &t ¢ & o & e o o o o o e o o o o o « « « 153
DECODE (8€c. 10.2) . v ¢ &t &t 4 v o ¢ o o o o o ¢ o o o o o o « o« o 154
EVAL (sec. 10.3) . & & 4 v v ¢ v v o o o o o o o o o o« o o o« « « o« 159
JUMP (sec. 10.4) & v & v v ¢ ¢ o o o o o o o s o o o o o s o o« o« « 161
TRANF (S€C. 10.5)¢ . ¢ ¢ ¢ ¢ o ¢ o« o o o o o s o o o o o o o o« + « 165
TRANG (8€C. 10.6): v ¢ v & & ¢ & ¢ o o o o o o o o s « o o o« o o « 167
WALL (8ec. 10.7) & v v 4 4 ¢ o o o o o « o o o o o o o « o« o« « « o 169
SHOCK (8ec. 10.8). & & & ¢ ¢ & ¢ &t o o e o o o o o o o o o« o« o « o« 172

INTEG (Se€c. 11.1). & v v 4 o o ¢ o o o o o o o s o s o o o o« » « 174

INTRPL (s€c. 11.2) v v v ¢ ¢ ¢ ¢ o o o o o o o« o o o o o o o« « « o« 176
4 REZONE (sec. 11.3) & & v & ¢ ¢ ¢ o o o « o o o o o o o o o o« o o« 177

| RGAS (sec. 11.4) . v ¢ o ¢ 4 e o ¢« o o s o s o o o o o o« o o« « « « 179 '
HRGAS (Sec. 11.5). & & v v ¢ o & o o o o o o o o o o o « o« o« o« +» o 184
SERCH (sec. 11.6). « & & & ¢ & ¢ o« ¢ o o o o« o o o & o o« o« « « « o 185
' LOCATE (8@C. 11.6) v « & & ¢ ¢ o o o o o o o o o o o s o o« o« « « +» 186
§ SHFAX (Sec. 11.7). v v v ¢« o o v 4 o o o o o o o o o o o o o+ « « « 187
‘ SHFAXD (8@C. 11.7) v v ¢ o ¢ o o ¢ o o o o o o o« o o o o o « « « « 189

BODY (S€C. 12.1) . ¢ v ¢ ¢ o o o o o o o & o o « o« o o & « o » « « 190
FIELD (8€C. 12.2). v ¢ v ¢ o« ¢ o « o o o o o o o o o s+ o o o o« « o+ 199
OUT (sec,12.3) . . . . . . . . e . . e 200
SAVE (sec. 12.4) . . . . . e e e e e e e e e e e e e e e e e .. 204
TRANFD (sec. 12.5) . . . . e e e s e e s e s e e e e e e e . . . 205
TRANGD (sec. 12.6) . . . . e e e e e e s e e e s e e e e e e . 206
DMPSQRT. . &+ « « & ¢ « o & 4 ¥

-
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PROGRAM D3CSS(INPUT=10NB+0UTPUT,TAPF 3512, TAPEL6sTAPELT=5]12 D3CsSsS

2
1 «TAPELISsTAPE1832512+TAPES=INPUTTAPEASQUTPUT,TAPEY) D3acss 3
o D3CSS “
c THIS PROGRAM COMPUTES 3-D SUPERISONIC FLOW OVER BODIES D3CsS 5
c GIVEN BY R=zB(PHI,2Z) D3CSS 6
c PRINCIPLE FEATURES ARF AS FOLLOWS D3CSS 7
c le WEAX CONSERVATION FORM FNR PDE“S ARE SOLVED, I,.E. D3CcssS 8
C CUSUB Z = -CF SUR X = C6 SUB Y - CE D3css 9
c RS CONSERVATION DEPENDENT VARTABLESe CUs ARE RELATED TO THE D3css 10
c NON-~CONSERVATION VARIABLES (PRFSSURE (P)y DENSITY (D) D3CsS 11
c VELOCITY COMPS (UsVew)) BY THE FOLLOWING EONS. D3css 12
c CUCLoNoM)=D®W (NoM) D3CSS 13
o CU(2eNsM)SP (NoM) ¢D(NoM) SW (NoM) 0o D3CSS 14
c CUIIgNoM) 2D (NgM) ®W (NoM) ®U(NoM) 03CsS 15
c CU(AgNsM)I=D(NGM) ®W(NsM) BV (NoM) D3CsS 16
c 3. MACCORMACK 2ND ORDER SCHEME USED AT INTFRIOR PTS, D3CSsS 17
o 341 IF INTERIOR PRESSURE IS NON=POSITIVEes THEN THE D3CsSS 18
c CONSERVATION QUANTITIES ARE REDEFINED USING AVERAGES D3CSS 19
c IN X DIRECTION D3acss 20
Cc [ Y% AT WALLs CHARACTERISTIC COMPATARILITY RELATIONS ARE USED D3CsS 21
c IN PREDICTOR~CORRECTOR WANNER D3cssS 22
C NOTE THAT AT THE wALL D3CssS 23
c CU(1s1) STORES WALL LOG(P) D3css 24
c CU(2+1) STORES WALL ENTROPY D3acss 25
c CU(3s1) STORES v2=zVse (BPHI/A)eU D3CsS 26
c 4e]l WALL ENTROPY RELAXATION IS AN OPTION D3css 27
[of Se SHOCK SHAPE (C) AND SHOCK SLOPES (CZ) AND (CPHI) ARE D3CSsS 28
C DETERMINE IN PREDICTOR-CORRECTOR MANNER, D3CsS 29
, C NOTE THAT AT THE SHOCK (N=NC) D3CsS 30
[ CU(1+NC) STORES C D3¢sS 31
[ CU(2sNC) STORES CZ Dacss 32
C CU(3sNC) STORES CPH! D3CsS 33
(o 6o EITHER PERFECT GAS (CONSTANT GAMMA) OR REAL GAS D3CSS 34
£ (o EQUILIBRIUM THERMO, CAN RE USED D3CSS 35
. c 7. MESw CLUSTERING TRANSFOQMATIONS IN THE RADIAL AND D3CSS 36
¢ c CIRCUMFERENTIAL DIRECTIONS ARE INCORPORATED D3CSS 37
c Re THE USEQ CAN SELECT EITHER OF TwO PROBLEMS - Dacss 38
c (1) THE SYMMETRIC PROALEM D3cssS 39
c (2) THE NON=SYMMETRIC PRORLEM D3CsS 40
c fel IN THE SYMMETRIC PROBLEM = BODY IS SYMMETRIC WITH 03CsS 41
[« RESPECT TO PITCH PLANE (ZERO YaAw). PHI=0 AND D3CsS 42
c PHI=180 (DEGS) ARE SYMMETRY PLANES, PosDeUsW ARE SYMM, p3acss 43
C AND V IS ANTI=SYMM, AT SYMM, PLANFS, D3acss .
c 8e2 IN THE NON=SYMMETRIC PROSLEM = RODY HAS NO D3CsS %5 ;
c RESTRICTIONS AND YAW MAY BE NON=-ZERO. ALL FLOW Dacss 1Y) '
C VARTABLES ARE PERIODIC wITW PERION = 360 (NEGS) Dacss %4
.C 9, THIS VERSION HAS PROVISIONS FOR LOCAL EXPANSION AND D3CsS 48
1 c COMPRESSION JUMPS AT DISCONTINUITIFS OF B8Z AND/OR RPHI D3Css 9
C IN 2 DIRECTION DaCsS S0
Cc 10 THIS VERSION HAS PROVISIONS FOR BENT NOSE RODY D3CSsS 51
, [of GEOMETRIES REQUIRING A SHIFT OF AXES (SEE D3CSS T4
{ [ USERS MANUAL FOR DETAILS) D3CSsS 53
) C D3CSS 54
' COMMON NCoMC +KoPINF +DINF«PHIO INYAW P RAD NEWCOM 1
. COMMON YZ(3) 4 YPHI(3)4sC(25)4CZ1(25) ¢CPHI(25)4R(20425) NEWCOM 2
N COMMON D(204¢25) 9P (20925)2U(20025) 9V (2025) W (20:25)9ASQ(20,25) NEWCOM 3
: COMMON CU(#84204+25) sCUP (4¢20425) NEWCOM .

140

-




<, e

Loy A o

NSWC/WOL/TR 77-28

C oes  END OF QLANK COMMON  eee €D3CSS
COMMON /CBENT/ ZBR(25) +ALNS+DST+AUGNsBETAGRSNCENUF oDELTIT4NELTA NF wCOM
1 +COSRNsEPSQeZMAXSyPID2+ TANBN [BNoHN, THFTABN CRENT
COMMON /CTRANG/ NSGDsSGD (25) sSGYD (25) 4S6YYN (25) NEWCOM
1 sGYMNY sGYYMOY 4 GY1PDY,GYY1POY CTRANG
2 WMCP NEWCOM
COMMON /CTRANF/ NSFDsSFD(20)+SFXN(20) +SFXXN(20) NE weOM
COMMON /CBONY/ Z4B2Z+BPHPHI +RAZPHT +TANCN.DFL2 CRONY
1 WPHI(25) B (25) 4BZ(25) +BPHI(25) 4CNSPHT (P6) « SINPHT (25) crRONY
COMMON /CBONYP/ DZyPHI1JsPHI2Je3ZT () sRPHTIT(3) 4RZZT () CRONYP
1 +BPHPHT (3) +AZPHIT(3) +B20(25) +APHIO(P5) «RPHPHN (25) +8ZPHIN(25) CRONYP
2 ,BZ220(2%) cRONYP
COMMON /CEVAL/ NCFL+JCFL¢MCFLsCFL 8B CEvaL
COMMON /CDECODE/ GFF GGsGIMLsHINFoVIINF V2 INF sWINKSDINF2 COECODE
1 » ICHECK s X1KINEG s X1KINP24GC (204+25) CDECODE
COMMON /CINTEG/ FNoFY FAsMX oMY s MZoFNZ9FYZoFAZoMXZIMYZ1MZ2 CINTEG
1 +DYDIMA,GY (25) CINTEG
REAL MX oMY sMZyMXZsMYZgMZ2Z CINTEG
COMMON /COUT/ ACH+ATTAsYAW,ZENDyXINDEF ¢ VINF o SINF cour
1 oNTARGET.TARGETZ (100} couT
COMMON /CWALL/ PZosV2ZsSZsISWMOD 4MOD] « NUMPKT ¢ NUMKTC ¢ KCFL s KFAC CwALL
1 +P2COR(25) CWALL
COMMON /CSAVE/ TERRPR,MAS CSAVE
COMMON /CSHOCK/ DCZ+DCZZsDCPHZ+PDIF 4SPDIF+DINXoDLINF4D2INF CSHOCK
1 +UZCOR(4,25) CSHOCK
COMMON /BLKN1/ CZY{(3) sCPHIY(3)4V2(3) sVOWY(3)sPWY(3),SWY(3) BLKO1
1 WUNORI(342) sCF(442002)+CG(H92093)4CE(44+20+2) BLKO1
COMMON /BLK02/ THETAsDYsTG4(3)+sTG5(3)9TG6(3) BLKO?2
1 sX{20)eXZ(20+2) sXR(20+2) +XPHI(2042)+Y(25) B8LKO02
2  JTFa(2042)sTF6(2042) 9 TF7(20+2) BLKO2
COMMON /BLK03/ ICFL+AZ2(3)9A3(3)¢A4(3)+A5(I)4AT(3)} aLxo3
1 2 IJUMP(25) s TJUMPL (25) s TUMPKT (25) BLK03
COMMON /BLKN4/ GAMMA 3GB+GD+GEsGA2sDDXeDDY sHOT2,ELIMILCNT . ISWSMOWNA BLKN S
1 +SW(25)+GM(20425) BLKN&
COMMON /RGASS/ AXsHXsTXyRRX¢GX¢NTESTsNGASeNFIRST D3ICSS
c D3CSS
DIMENSION KQUT(S) »ZPRINT(S) D3CSS
EXTERNAL SAVE 03CsS
c D3CSS
C NCMAX MUST BE THE SAME NUMBER AS IN THE COMMON STATEMENTS D3CSS
c CORRESPONDING TO THE NUMBER OF RADIAL POINTS,. D3CSS
C MCMAX MUST BE THE SAME NUMBER AS IN THE COMMON STATEMENTS D3ICSS
c CORRESPONDING TO THE NUMBER OF TANGENTIAL PLANES D3CSS
c D3CSS
DATA (NCMAX=20) ¢ (MCMAX=225) NEWCOM
c ' D3CSS
NAMELIST /INPUT1/ KA ,ZENEFACTORVDZPRINT 4KNUT»2PRINT + IZONE D3ICSS
1 NCNEWIMCNEW, IPCo®LKINEG [SWSH0» ISWMOD o MODL s pacss
2 ZMOD1ON+ZMOD1OF s PHI1JDsPHI2JD9ZCFL14ZCFL2+KCFLIKFACS D3CSS
3 NJUMPKToNJMKTS JNTARGET . TARGETZ s [ERRPR 03CSS
4 G ISTART KSTARTLELIMGLCNT,IPRCFL+ISWDIF ¢NSGDyNSFD D3CSS
C D3CsSS
C.......'..........Q...'..........Q...Q.......'......................... D3CSS
c SECTION 1 D3CSS
c THIS SECTION IS EXECUTED ONLY ONCF, D3CSS
c AT INITIAL PROGRAM ENTRY, D3CSS

COPBREIGIRR0IINNNBNNNONINBRDNRVORRITNBBANBIDNENRBEBNVANRTQINDIBBBRREONRGS NICSS
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D3CSS A2
coe READ IN INITIAL DATA AND PROGRAM CONTROLS e D3CSS 83
KA 1S THE MAXIMUM NUMRER OF STEPS TO RE TaxkEN D3CSS 84
ZEND IS THF LAST Z VALUE D3CSS AS
FACTOR IS THE CFL FACTOR D3CSS a6
DZPRINT IS THE Z INCREMENT USED FOR PRINTING D3CSS 87
KOUT (1) IS THE NUMBER OF STEPS RETWEEN PRINT OUTS WHEN D3CSS a8
ZPRINT (I=1) JLEs Z «LTe ZPRINT(I) D3CSS 89
1ZoNE = 0 MEANS DO NOT REZONE 03CsSS 90
= | MEANS REZONFE D3CSS 91

NCNEW IS THE NUMBER OF POINTS IN RADIAL DIRECTION D3CsS 92 {
MCNEW IS THE NUMBER OF PLANES IN TANGENTTIAL OIRECTION D3CssS 93
IPc = 1 THEN FORWARD DIFFERENCE FOR PREDICTOR STEP D3Css 94
BACKWARD DIFFERENCE FOR CNRRECTOR STEP D3CSS 95
IPc = 0 THEN BACKWARD DIFFERENCE FOR PREDICTOR STEP D3CSS 96
FORWARD DIFFERENCE FOR CORRECTOR STEP D3CSS 97
KIKINEG IS THE X IN THE 1<«K=1 SMOOTHING OF D3CsS 98
CONSERVATION VECTORS IF P IS NEGATIVF D3CSS 99
ISWSMO = ISWSMO MEANS EXTRAPOLATE wALL ENTROPY FOR I[SWSMO PLANES D3CSS 100
z 0 MEANS NO EXTRAPOLATION OF waLlL ENTROPY D3CSsS 101

ISWMOD = 0 MEANS MOD 0 FOR WALL B.Ce D3css 102 3
= 3 MEANS MOD 3 FOR WwALL B.C. D3CSS 103
MON] = 1| MEANS SECOND ORDER ACCURACY AT WALL EXCEPT AFTER D3CSS 104
DISCONTINUITIES IN BZ AND/OR BPHI D3CSS 105
= 0 MEANS NO SECOND ORDER ACCURACY pacss 106
ZIMODION IS THE Z VALUE AT WHICH TO TURN ON SECOND ORDER ACCURACY D3CSS 107
IMOD10F IS THE Z VALUE AT WHICH TO TURN OFF SECOND ORDER ACCURACY D3CSS 108
(PHI1JDsPHT2JD) IS THE PHI OPEN INTERVAL IN WHICH NOT TO D3CSS 109
USE SURROUTINE Jump D3CsS 110
(2CFL1+2CFL2) 1S THE 2 OPEN INTERVAL TO USE FACTOR/KFAC D3CSS 111
AS THE CFL FACTOR D3Css 112
KCFL 1S THE NUMBER OF STEPS AFTER AN EXPANSION JUMP TO USE 03Ccss 113
FACTOR/KFAC AS THE CFL FACTOR D3CsS 114
NJUMPKT IS THE MAXIMUM NO OF STEPS AFTER AN EXPANSION JUMP D3CSS 115
TO SET X DERIVATIVES TO ZER0 AT WALL p3css li¢
NJMKTS [S THE MAXIMUM NO OF STZPS AFTER A COMPRESSION JumP D3CSS 117
TO SET X DERIVATIVES TO ZERO AT WwWALL D3CSsS 118
NTARGET IS THE NUMBER OF Z TARSET POINTS 03CsS 119
TARGET2 1S TME ARRAY OF THE Z TARGET POINTS D3CSS 120
IERRPR ~ THE LAST IERRPR STEPS wiILL BE PRINTED IF AN ERROR OCCURS D3CSS 121
ISTART = ] MEANS RESTART FROM TAPE]}S D3CSS 122
= 0 MEANS DO NOT RESTART FP0OM TAPE1S D3acss 123
KSTARY IS THE X STEP NO. ON TAPELS AT WHICH TO RESTART D3cssS 124
ELTM AND LCNT ARE ERROR AND NUMBER LIMITS ON ITERATIVE PRNCEDURES DICSS 125
IPACFL IS THE NO. OF STEPS BETWEEN PRINTOUTS OF CFL INFORMATION D3aCsSS 126
ISWOIF = 1 THEN THE DIFFERENCING IS SWITCHED FROM STEP TO STEP DACSS 127
= N THEN DIFFERENCING IS NOT SwITCHED D3CSsS 128
NSGD IS THE NO. OF PHI"S TO BE READ D3CSS 129
SGN 1S THE ARRAY OF PHI"S (DEGREES) READ IN SURROUTINE TRANGD D3CSS 130
NSFD IS THF NO. OF SF(X)"S TO 3€ READ IN SUBROUTINE TRANFD D3CSsS 131
SFD IS THE ARRAY OF SF(X)"S READ IN SURROUTINE TRANFO D3CSS 132
D3CsS 133
Pl=a,®ATAN(1.) $ RAD=PI/180, D3css 134
D0 5 I=1,5 D3CSS 135
KOUT(1)=20 € ZPAINT(1)s=1000000. D3cCsS 136
S CONTINUE [s 2 43 137
KAz2000 $ FACTOR=,9 $ DZPRINT=21000000. DACSS 139

142
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IZONE=0 $ IPC=0 D3CcSsS 139
K1KINEG=2 § [SwWSMO=0 § ISWMOD=3 $ M0Dl=1 D3cssS 140
ZMON10ON=1000000. % ZMOD10F=1000000. $ PHI1J4D=0, $ PHIZ2JD=0, Dacss 141
2CFL1=0, § 7CFL2=0, $ KCFL=0 $§ XFAC=3 § NJUMPKT=0 D3CSsS la2
NJUMKTS=24 $ MTARGET=0 § ISTART=0 % KSTART=N $§ [FRRPR=«] D3acss 143
IPRCFL=1 § ISWNIF=0 $ NSGD=0 $ NSFD=0 03CssS las
ELIM=,001 & (CNT=20 § IB8N=Q $§ HN=0, D3CcssS 145
READ (S, INPUTI) D3CSS 146
CALL BODYR D3CSS 147
PHI(1)=0. D3CsS l48
CALL QUTR 03CSS 149
ICP=1=IPC $ MOD1ON=0 D3cCss 150
X1IKINEG=KIKINEG $ X1IKINP2=X1KINEGe2, D3CsS 151
PHI1J=PHI1JD®RAD § PHI2J=2PHI2JUD#RAD D3css 152
ICFL=0 § FACJUMP=FACTOR/XFAC % FACT1=FACUMP § KFACl=1l D3CsS 153
NJMKTC=KFAC*NJUMKTS § ITARGET=] D3csS 154
C Dacss 155
[ NC IS THE NUMBER OF POINTS IN RADIAL DIRECTION D3CSsS 156
(o MC IS THE NUMRER OF PLANES IN TANGENTIAL DIRECTION D3CSS 157
c NA IS THE NUMBER OF INTERVALS IN RADIAL NDIRECTION D3CsSS 158
[ MA IS THE NUMRER OF INTERVALS IN TANGENTIAL DIRECTION D3CSsS 159
[of ATTACK IS THE ANGLE OF ATTACK IN DEGREES D3CsS 160
c YAW IS THE SIDESLIP ANGLE IN DEGREES D3CssS 161
[ ACH IS THE MACH NUMBER D3CsS 162
c K IS THE NUMBER OF STEPS IN THE AXTAL DIRECTION D3CSS 163
[of D3aCssS 164
IF (IERRPR ,GE., 0) CALL RECOVR(SAVE,78,0) D3CSS 165
IERRPR=IABS(IERRPR) DUMP 1
IF (ISTART ,EQ, 0) GO TO 9 D3CsS 166
7 READ (15) NCyMCoATTACKyYAWsACHoGAMMAIPINF ¢DINF ,PHIO Ko Z D03css 167
A +NGASINTEST 4RRX D3CsS 168
1 CFNsFYoFAIMX s MYy MZyFNZ9FYZoFAZoMXZoMYZ9MZ2Z D3CsS 169
2 s {PHI (M) 4C(M) 9CZ (M) oCPHI (M) yMm]1 4MC) D3csS 170
3 s ((R(NOM) qU(NsM) oV (NoM) oW (NoM) sP{NoM) oD (NoM) oMx]4MC) o N1 9NC) D3CSS 171
IF (EOF (15)) 12.8 03Css 172
8 WRITE (16) NCeMCoATTACK s YAWCACH s GAMMA WP INF 4DINFPHIOWKS2Z D3CssS 173
A +NGASsNTFST,RRX 03CsS 174
1 WFNQFYsFAGMX MY gMZ oFNZsFYZoFAZ 9y MXZIMYZ9MZZ D3CSsS 175 3
2 o (PHI (M) 4C (M) oCZ (M) sCPHI (M) yM=],MC) 03CSsS 176
3 2 (IR(NoM) U(NIM) s VINoM) s W (NoM) 9P (NoM) 9D (NoM) sM=]14MC) sNu]14sNC) Dacss 177
IF (K .LT. KSTART) GO TO 7 03CsS 178 i
GO TG 15 D3css 179
9 READ .(3) NCyMCIATTACKsYAW9ACHIGAMMA JPINF¢DINF4PHIOK2Z D3CsS 180
A INGAS,NTEST,RRX D3CSS 181 ]
1 SFNoFYoFAMX oMY JMZsFNZsFYZsFAZ o MXZoeMYZMZ2Z D3css 182 |
2 s (PHI (M) yC(M) 9CZ (M) +CPHI (M) gyuz] 4MC) D3css 183
3 e{(R(NoM) JU(NeM) gVINGM) ¢ W (NoM) 9P (NsM) gD (NeM) 4M=]4MC) sN=]4NC) D3CsSS 184
IF (EOF(3)) 10415 D3CsS 185
10 WRITE (6+44000) . D3CssS 186
4000 FORMAT(#]1 NO DATA ON TAPE3 w== STOP w=a#) D3CSS 187
sToP 03CSS 188
12 WRITE (6+4005) KKSTART $ STOP D3CSS 189 ]
4005 FORMAT (1MLl +eTHE LAST K ON TAPELS 1SesIS.® LESS THAN®,IS, D3CSS 190 :
1 L4 m== STOP ew=®) D3CcssS 191 4
¢ D3cssS 192
[ sse PARAMETERS sae D3CsS 193
15 ATTASATTACK § ATTACK2ATTACK®RAD $ 07s0, D3CSS 194
143
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IF (NSGD .GT. 0) CALL TRANGD D3CsSS 195
IF (NSFD +GT. 0) CALL TRANFD D3CSsS 196
SINAL=SIN(ATTACK) $§ COSAL=COS(ATTACK) D3cssS 197
YAzYAWSPI/1R0. $ SINBET=SIN(YA) $ COSBET=COS(YA) D3cCsS 198
PDIF=PINF /D INF D3cssS 199
OINF2=0INFe®NINF D3CsS 200
NFIQST=100 D3CcsS 201 i
GX=GAMMA D3css 202
SINF=0. D3css 203
IF (NTESTL,GE,0)6G0 TO S0 D3css 204
CALL RGAS(PINF DINF+SINFo&) D3CSS 205
HINFaMX D3CSsS 206
GAMMAB] ./ (1 ,=PINF/ (DINFOHINF)) D3cssS 207
VINFaAX®ACH D3CSS 208
GO TO 60 D3cssS 209
50 VINFaSQRT (GAMMA®PINF/DINF) ®ACH 03CssS 210
HINF2GAMMA®RINF/ ( (GAMMA=1,) *DINF) D3css 211
60 HOT222 ,#*HINF+sVINFoe2 D3CSS 212
GIM1=]l,=GAMMA 03CsS 213
GIl1sGAMMA D3CsS 214
GB=1,./ (GAMMA=],) D3CsS 215
GAZGB®*GAMMA $ GA2=2,#GA D3CSS 216
GD=,5/6G8 D3CsS 217
GE=GDe1, D3CSS 218
GFFaGAMMA+] D3cssS 219
GG=GFF/GB 03CSS 220
WINX=COSBET#COSAL®VINF D3CSS 221
VIINFSCOSBET*SINAL®VINF § V2INF=VINF®SINBET D3CSsS 222
SPDIF=],/SART(PDLF) D3CSsS 223
DINX=WINK®SPDIF 8 D1INFsVIINF®*SPDIF $ D2INFzV2INF®SPDIF 03CsS 224 b
IF (NSFD LE., 0) GO TO 17 S IF (NSFD .EQ, NC) GO TO 17 D3CcsS 22% : |
NCNEW=NSFD ¢ IF (IZONE NE, 0) GO TO 17 $ IZONEza]l $ MCNEwsMC D3CSS 226
17 CONTINUE 03CSsS 227
IF (NSGD +LE., 0) GO TO 16 8 IF (NSGD .EO, MC) GO TO 16 DaCSS 228
MCNEWENSGD $ IF (IZONE NE, 0) GO TO 16 $ 1ZONE=1 § NCNEW=NC D3CSS 229
16 IF (IZONE .NE. 0) D3ICSS 230
1CALL REZONE (NCNEWsMCNEWsASQe TUUMP 4N sBZ0+BPHIOIAZZ0,XZINCMAX 4MCMAX) D3ICSS 231
NA=NC=]1 $ MCP3MCs] § MA3MCa] § MUCP2=MC+2 D3CSS 232
MCMR3MA~] § [IC=4 D3cCSss 233
DX3]1,/NA S DY=],/MA $ DOY=MA $ DDXxNA § BJ=DX/DY D3CSS 234
IF (IPC LEQ., 0) B8J=-BJ D3CSS 235
0Y0D3s0Y/3. D3CSS 236
IF (PHIO oLEs 2.,9P1=1,E=6) GO TO 18 D3CcssS 237
[of "en SET VARTABLES FOR NON-SYMMETRIC PRORLEM (PHIO=360) X2 Dacss 238
COSPHI(MC) =1, § SINPHI(MC) =0, D3CSS 239
MASsMA § MCS3EMC $ IDYAW=]1 $ MCM2S3MCM2 D3CSS 240
GO YO 21 D3Css 24}
c (244 SET VARTABLES FOR SYMMETRIC PROALEM (PHIO=1R0) *se D3CsS 242
18 MAS=MC § MCSaMCP § IDYAWS0) $ MCM2S=0 D3CSsS 243
21 Y0=<0Y § YMCPm],eDY D3CSS 246
c D3CSS 245
[+ [T PRINY THE MEADING PAGE [ 22 D3acss 246
PHIOD=PHIO/RAD D3css 267
WHEN=DATE (WHEN) $ CLTIM=TIME (CLTIM) D3CSS 248
IVERSON=10 D3CSS 249
DO 150 2143 D3aCsS 250
WRITE (6+3000) IVERSONSWHEN.CLTIM Dacss 2s1
144

Sy -, : .
LRI 7 N e R




NSWC/WOL/TR 77-28

WRITE (643010) D3CSS 252
WRITE (6¢3020) KAsZENDFACTOR D3CSS 253
WRITE(643021)ELIMsL CNT D3CSsS 254
WRITE (6+3030) ZPRINT . D3CSS 255
WRITE (6+43040) KOUT D3CSsS 2%6
WRITE (6+43045) DZPRINT D3CSS 257
WRITE (64+3050) ACHsATTA,YAWVINF D3CSS 258
WRITE (6+43051) PINFOINFoHINFIHOT2/249SINF D3CSsS 259
IF (NGAS .LF. 0) WRITE (6¢3054) GAMMASRRX CORR1 1
IF {NGAS ,GT., 0) WRITE (6+3056) NGAS D3CssS 261
WRITE (6+3060) PHIOD 03CsS 262
WRITE (6+3070) 2 03cssS 263
WRITE (6+3080) NAsMA D3CSsS 264
IF (IZONE «NE. 0) WRITE (6+3090) D3CSsS 265
CALL B0OOYW{IDUM) D3cCss 266

CALL TRANGW (DUM, IDUMs IDUM) D3CSS 267 E
CALL TRANF W (IDUMs IDUMs IDUM) D3CssS 268
WRITE (6+4010) D3CsS 269
4010 FORMAT(//////+25%+#ADDITIONAL FEATURES®) D3CSsS 270
IF (IPC .EQ, 1) WRITE (6+3108) D3CSsS 271
IF (IPC .EQ, 0) WRITE (6+3109) D3CSS 272
IF (ISWSMO NE, 0) WRITE (644019) ISWSMO D3CsS 273
IF (ISWSMO ,EQ, 0) WRITE (6+4020) D3aCSsS 274
IF (ISWMOD .EQ, 0) WRITE (6+4029) D3css 275
IF (ISwWMOD .EQ. 3) WRITE (6+4030) D3acssS 276
IF (ZMODI1ON .LE. ZEND) WRITE (6,4035) ZMODION D3CSS 217
IF (MOD1 .EN. 1) WRITE (694040) ZMODIOF D3CSsS 278
WRITE (6+3206) KIKINEG Dacss 279
WRITE (6+3152) PHI1JDsPHIZ2JD D3CsS 280
WRITE (6+3135) FACUMP2CFL1,2CFL2 D3CsS 281
WRITE (6+43136) FACUMP KCFL DaCssS 282
WRITE (6+3147) NJUMPKToNJUMKTS D3acss 283
IF (ISWDIF NE, 0) WRITE (6+4055) D3CsS 284
150 CONYINUE D3CsS 285
IF (Z 4GT. ZCFL2) ZCFL1=2.#ZEND D3CsS 286
3000 FORMAT(1H1+20X4#PROGRAM D3CSS®y6X e #VERSTION® T4 ,6X s *DATE®4A1206Xe D3css 297
1 *TIME®,A12) D3CsS 2898
3010 FORMAT(11Xe#3=) SUPERSONIC FLOW = =, D3CSS 2R9
1 #FLOW IS NONSYMMETRICAL®) D3CsS 290
3020 FORMAT(11XeoMAXIMUM NO, OF STEPS =2#,I5,6Xs D3CsS 291
1 *LAST Z VALUE =%,1PE1S.6+6X+#CFL FACTOR z®40PF6,3) D3CsS 292
3021 FORMAT(11X+2ERROR LIMIT #¢1PE12,492Xes*MAXIMUM NUMBER OF ITERATIONS D3CSS 293
1%415) D3CsS 296
3030 FORMAT(11X+#PRINT CONTROLS ARE®,SX,#ZPRINT#,5F12,2) 03CsS 235
3040 FORMAT(11Xs23X,#KOUT ®#,5112) D3CsS 296
3045 FORMAT(11Xs23X,#DZPRINT®4F11,2) D3CsS 297
3050 FORMAT(11Xs0MACH NOos =#4FB, 296X 2ANGLE OF ATTACK z#4F7,2,6X, D3CsS 298
1 SYAW ANGLE =®y3F7.,2¢3Xs®VINF 284F10,2) Dacss 299
305) FORMAT (11X+®FREE STREAM PROPERTIES + PINF = #,1PE12.49® DINF = o D3CSS 300
1 9IPEL12.4¢® HINF 2%, 1PE13,40% MO 2%4]1PE13,49% SINF =8,1PF13.4) D3CSsS 301
3054 FORMAT (11X+®PERFECT GAS (GAMMA =8 ,F6,294X, CORR1 2
1 #GAS CONSTANT =®,]1PE1S.64%)®) CORR1 3
3056 FORMAT(11Xs®REAL GAS (GAS NUMBER [S®#,134%)®) Dacss 303
3060 FORMAT (11Xe#FLOW IS PERIODIC WITH PERIOD =#,F7,2) Dacss 304
3070 FORMAT(11Xe#CALC., BEGINS AT Z =2#,E15,7) D3CsS 305
3080 FORMAT (11X+#RADIAL INTERVALS NA =®,1446X, D3cCsS 30%
1 *TANGENTIAL INTERVALS MA =3®,14) D3Css 307
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3090 FORMAT (11Xs@REZONE THE MESH IN THIS RUNe)

3103 FORMAT (1MO0e10X.*FONWARD DIFFERENCE FOR PRFNICTOR STEP AND o,
1 oHACKWARN DIFFERENCF FOR CORRECTOR STEP IN x DIRECTIONS®)

3109 FORMAT(IHO+10X.®RACKNARD DIFFERENCE FOR PRFDICTOR STEP AND @,
1 eFORWARD DIFFFRENCE FOR CORRECTOR STFP IN X DIRECTION®)

3135 FOWMAT (1HOe10XseTHE CFt. FACTOR 1S REDUCED TO®40PF6.3s
1 ® WHEN / IS IN THE INTERVAL (®3FR,2,8438,Ff,2,2)9)

3136 FORMAT(1HO+10X,2USE CFL FACTOR =#40PF6,3
i @ FOR®,131,2 STEPS AFTER AN EXPANSION JIIMP OCCURS®)

3167 FORMAT(1HOW10X,oTHE TEAMS FOR X DERTVATIVFS AT THE WALL %,
12ARF MODIFIFD FOR®,/,
2 17Xe13e® STERS AFTER AN EXPANSION JUMP AND®413
3 ® STFPS AFTFR a4 COMPRESSION JuMPe)

3152 FORMAT (1HO0+10X,2USING JUMP WHICH COMPUTFES JUMPS CORRESPONDING @,
1 eTO DISCOANTS. IN BZ AND/OR BPHI EXCEPY FOR THE PHI INTERVAL (®,
2 FTla20®9®FT,2e%)92)

3206 FORMAT (1HO+10X,2IF PRESSURE IS NEGATIVE THEN THE CONSERVATION o,
1 eYECTORS ARE SMOOTHED BY 1=0,12,9=-1%)

4019 FORMAT (1HO+10Xys*WALL ENTROPY EXTRAPOLATION FOR#,]34.2 PLANES®,
1 ® UNTIL A COMPRESSION JUMP AND THEN NO EXTRARPOLATIONS®)

4020 FORMAT(IHOs10X+oNO WALL ENTROPY EXTRAPOLATION®)

4029 FORMAT (1H0s}0X.*M0D 0 FOR WALL POINTS®)

4030 FORMAT (1HO+10X,#M00D 3 FOR WALL POINTS UNTIL A JUMP OCCURS AND o,
1 eTHEN MON O IS USED®)

4035 FORMAT(1HO+10X,20PTION FOR SECOND ORDER ACCURACY AT WALL POINTS ®,
1 #1S TURN ON AT 7 =#,]1PEL1S5.6)

4040 FORMAT (1HO0+10X4+2SECOND ORDER ACCURACY IS USED AT WALL POINTS =,
1 #FQR Z LESS THAN®,1PE1S5.6+% OR UNTIL JUMP IS CALLED®)

4055 FORMAT (1HO+10X,*THE DIFFERENCING (FORWARD - BACKWARD) IS ¢
1 +®SWITCHFED FROM STEP TO STEPW)

see INITIALIZATIONS sne
DO 25 N=1oNC
.25 X(Ny3(N=1)/NDX
DO 36 Mz].MAS
TUUMP L (M) =] yMPKT (M) =0
Y{M)=(M=})}/NDY
NN 35 N=z]eNC
TONM=ZD (NeM) § TPNMSP (NyM)
CALL RGAS(TENM,TDNM+DUMMs4)
W(NyM} 2TUNM=SQAT (HOT2=2,"HX=U(NsM) 2822y (NoM) #82)
TCU=CU () sNsM) = TONMOTWNM
CUl2eNsM) S TPNMeTUNMSTCY
CUCTsNIM)SUINIM)OTCUY
CU(aeNeM) =V (NyM)} TCU
GM(NeM) =1,/ (1e=TPNM/{TDNM®HX) )
GCI(MsM)=],E+99
IS5 ASQ(NeM)z=AXeAX
36 CONTINUE
IF (I0vaw .FQ. 0) CPHI(1)=CPHI(MC)=0Q,

(X2 X222 222222222222 X2 22222222222 YT R YY Y YRS YFYYY YRR YYT XYY YL Y )
ses  PRELIMINARY PREDICTOR LOOP (INITIAL STEP ONLY) ess»
IN THIS LOOPy K1 CORRESPONDS TO M=] AND K2 TO M IN CF+CGsCE
CONSERVATION VECTORSs AND TRANF, TRANG NUANTITIES.
NOTE WELL . IN THIS LOOP CUP AND CP STORES PREDICTED
Z-DIFFERENCES NOT PREDICTED VALUES,
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D3CsS
D3ICSS
D3cssS
D3CssS
D3CsS
D3CsS
D3CSS
D3CSS
D3Css
PXwaAlLL
PXwalLL
D3CsS
D3aCcss
03CssS
D3cssS
D3CsS
D3CcssS
D3CsS
D3CsS
CORR1
D3CSS
D3CsS
D3CsS
D3CcssS
D3CSS
D3acCss
D3CSsS
D3CSsS
DaCcss
D3CsS
D3CsS
D3CsS
D3CSS
D3Css
D3css
D3CSS
D3CSsS
D3CssS
D3CsSS
D3Css
D3CssS
D3CSsS
D3CSS
D3CSS
D3CSS
D3CsS
D3CsS
D3CsSS
D3CssS
D3Css
D3CSS
D3csS
D3css
D3CSsS
D3CsS
03css
D3CsS

308
309
310
31
312
313
314
315
315

319
320
321
322
323
324
325
326

328
329
330
331
332
333
336
335
336
337
338
339
340
341
342
343
346
345
34k
347
348
349
350
351
352
3s3
354
3s5%
356
57
358
359
360
361
362
363
366

i
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Kl=) $ K2=2 D3CSS 345

CFL=0.0 D3CSS 364

IF (I8NL.FQ.D) GO TO 40 D3CSS 347

TCR=BSN/CUSHN § IF (Z .GT. DST) HN=0. SHFAX2Z 1

CCC=(1,-TCr) o= D3CSS 369

40 CONTINUE D3CSS 370

DO 100 M=]1,MCS D3CSS 371

KK=K1l $ K1=K2 $ K2=KK D3CSS 372

IF (M .LT. MCS) GO TO 69 D3CSS 373

IF (IDYAW .FQ. 1) GO TO 65 D3CSS 374

c eow COMPUTE CG VECTOR AT Y=1+4DY USING SYMMFTRY CONDITIONS coo D3CSS 375

CALL TRANG (YMCP4MCP+K2) D3CsSS 376

CALL EVALSY (DUMIMAJKLsK2+K24,0UM) D3CSsS 377

GO TO 80 D3CSS 378

c con COMPUTE CG VECTOR AT Y=1 soe D3CSS 379

65 CALL TRANG(1esMCoK2) D3CSS 380

CALL EVALPR(DUMy1+sDUM9K25sK24DUM) D3CSS 351

GO TO 80 D3CSS 382

69 CALL TRANG(Y (M) ¢MeK2) D3CSS 383

PHI (M)=THETA®PHIO $§ GY(M)=TG4 (K2) D3CSS 384

COSPHI (M) =COS(PHI(M)) $§ SINPHI (M)SSIN(PHI(M)})) D3CSS 385

IF (IBN .EQ, 1) GO TO 1045 D3CSS 3R86

ZRB(M)=1.,F0R $§ GO TO 1047 D3CsS 387

c soe COMPUTE SPHERE CONE JUNCTURE FOR BENT NOSE LX) D3CSS 388

1045 SCR=(COSPHI (M) #TANBN) @22 D3CSS 3R89

AAB=1.+SCR D3CSS 390

BBC=2.¢ (TCR-14=SCR) D3CSS 391}

. IF(PHI (M) oLTePID2.0R4PHI (M), GT.PI1+PID2) GN TO 1046 D3cCssS 392

2RB (M) =(~BBC+SQRT(BRC#BBC~4,#AABECCC) ) /(2. 2RAB) D3CsS 393

‘ GO 1O 1047 D3CSS 394

1046 ZBB(M)=(=-BBC~SQRT(BBCARBC-4.2AAB#CCC))/(2.%AAB) D3CsS 395

1047 CONTINUE D3CSS 396

CALL RODY (M) D3CSS 397

‘ BZO(M)=BZ (M) $ RPHIO(M)=BPHI (M) D3CSS 398

; B2Z20(M)=R72Z $ BZPHIO(M)=BZPHI $ BPHPHO (M) =RPHPHI D3CSS 399

R CALL BODYP(M4K2) D3CSS 400

C sae INITIALIZATION OF CU(I914M)sI=14243 vae D3CSS 4nl

PM=P(14M) $ CU(1+1sM)=ALOG(PM) D3CSS 402

CALL RGAS(PMsD(1sM) sSW(M) 44} D3CSS 403

ASQ(leM)=AXEAX D3CSS 406

CU(2414M)=SW (M) D3CSS 405

CU(391l M)V (1eM)eU(]lsM)PBPHI (M) /R (M) p3Css 405

CU(1sNCoMI=ZCIM) & CU(2sNCyM)=CZ(M) § CU(34NCoM)=CPHI (M) D3CSS 407

CU (4 «NCoM)=CUP (4 4NCosM) =0, D3CSS 408

CALL RGAS(P(NC4M) 4D (NCyM) s DUMMY 44) D3CSS 409

ASQ(NCyM)=AX®AX D3CSS “10

¢ CALL TRANF (MeK2,4K2) D3CSS 411

- CALL EVAL (0,MeK24K29K24K2) D3CSsS 412

r IF (M ,EQ. 1) GO TO 100 D3CSS 413

e 80 MB=u-] D3CSS 414

; DO 90 N=2sNA $ NP=N+IPC D3CSS 415

4 DO 90 I=ls4 D3CSS 416

. CUP (I sNsMB)Y == (CF (T sNPsK1)=CF (14NP=14K1))®DNX D3CSS 417

: 1 ~(CO(IsNIK2)=CG(TsNsK1))#DNY=CF (I eNeK1) D3CSsS 418

o 90 CONTINUF D3CSS 419

. CALL WALL(MRWK24K1sKLaK140) D3CsS 620

: CUP(1919MB)=PZ $ CUP(3414MB)=V27 D3CsS 421
F
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CUP (291eM8) =52
CALL SHOCK (MBsK2sK1leK1sK1e0)

CUP {1+NCeMr)=DCZ $ CUP(2+NCsMB)=DCZ7 $ CUP(3+NCsMB)=DCPHZ

CONTINUF
IF (ISWDIF NE, 0) IPC=ICP
IF (IDYAW ,FQ. 1) GO TO 12%

c bl SET SYMMETRY CONOITIONS *ne

110

c.'....'ﬂb...ﬂﬂ....'......'...'.......'....'..........'............'....

C

DO 110 N=2NC
CU(4eNs1)=CHI{aeNsMC) 30,
CULIs1911=CUI341eMCISCUIIWNCe1)=CU(IINC,MC) =0,

C sne PRINT THE INITIAL INPUT DATA ane

125

c

c.....".’....'Q...........'.....Q.........'..'...........'....'....Q...

o
c

CQ'......'...’..........Q....‘...'...Q.'.Q................Q........'....

C
200
C

[PRINT=] § CALL FIELD $& PRINTZ=Z 8§ CALL INTEG(0)
1IF (ISTART _EQG, 0) GO TO 725
GO TO 750

SECTION 2
THIS SECTION CONTAINS THE MAIN CALCULATION LOOP

K=Kel

C eoe COMPUTE DZ AND UPDATE CUP(NeM) AND CP (M) LA

292

3990
205
208

210

IF (Z .LE. 2CFL1) GO TO 202
ZCFL1=ZCFL2 § ZCFL2322,9ZEND
DUM=FACTOR $§ FACTOR=FACT1 § FACT1xDUM
IOUMSKFAC § KFACaKFACI 3 KFAC1=IDUM
FAC=FACTOR

IF (ICFL «LE. 0) GO TO 203 § IF (KCFL ,LE. 0) GO TO 203

ICFL=ICFL+1 $ IF (ICFL .6T, KCFL) ICFL=0
FACaFACUMP

DZ=FAC*DX/CFL

IF (DZ .GE, l+.E=-04) GO TO 205

WRITE (643940) $ CALL SAVE(DUM,DUM,DUM)

FORMAT(1H1+90Z IS LESS THAN le.E-4 -—- STOP ———t)

IPRINT=0 § 72=2+D2Z

IF (ITARGET .GT. NTARGET) GO TO 210

IF (ZZ .LT. TARGETZ(ITARGET)) GO TO 210
ITARGET=ITARGET+1

IF (TARGETZ(ITARGET=-1)=-2 .LE. 0,) GO TO 208
IPRINT=1

IF (MOD(K+IPRCFL) oEQ. 0) WRITE (6+3672) KsDZsCFLINCFLIMCFLsJCFLZ
3672 FORMAT(1HO+#K IS®,1545X+#D7 [S*¢1PE15.745Xe2CFL IS®¢1PE1S.795Xs
ONCFL IS®#4I3SXo#MCFL IS®,13.5X,#JCFL IS#,1345X,

*7 15%41PE1S.7)
IF(MN.EQeQ) GO TO 209

C ess CHECK FNR AX1S SHIFT FOR BENT NOSE bl

207

H 213

e

~—~

.,
”»

IF(NZ*TAN(THETABN=ALNS) «LT,B(INT(FLOAT (MC)#P1/PHIO0))~-CENUF) GO TO
1 207

Ia=] $ GO To 213

IF (2 .LT. NST) GO TO 209
1As2

cALL FIELD

IF (IDYaW .FQ. 0) GO TO 212

PHI (MC)2PHIN § C(MCY=C(1) § CZ(UC)=CZ(]1) & CPHI(MC)=2CPHI(1}
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D3CSS
03CSS
D3ICSS
D3CSS
D3ICSS
03CSS
D3CSS
D3CSS
D3ICSS
D3CSS
D3CSS
D3CSS
03CSS
D3CSS
D3CSS
D3ICSS
03CSS
D3CSS
03CSS
D3CSS
D3CSS
03CSS
03CsS
03CSS
03CSS
D3CSS
03CSS
D3CSS
D3CSS
03CSS
D3ICSS
D3CSS
D3CSS
03CSS
D3CSS
D3CSS
nicss
D3CSS
03CSS
D3CSS
D3CSS
D3CSS
D3CSS
03CSS
D3CSS
D3CSS
03CSS
D3CSS
D3CSS
D3CSS
D3CSS
D3CSS
D3CSS
D3CSS
D3CSS
03CSS
D3CSS

422
423
w24
425
426
27
428
429
430
431

432
433
434
435
436
437
438
439
440
4s1
LYY
443
LYY
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
71
472
473
4T
475
676
.77
478
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DO 211 N=1NC

RINGJMCI=R(NG1) $ UINWMCIZUINs1) $ VINeMCIaV(NG])
PINJMC)=P(Nys1) $ D(NsMC}I=DI(Ns1)

CONTINUE

CALL SHFAXD (TAJNCsMCoCUsCUP+YsGYsPZCORWRWRZBPNHI)
ATTACK=ATTA

60 10 15

CONTINUE

23727

o CHECK Tn TURN OFF SECOND ORDER ACCURACY one

IF (Z .GE. 7MOD10F LAND. ZMODIOF .GT. ZMOD1ON) MOD1=0
If (Z .GE. ZMOD1OF .AND. MOD1ON .EQ, 0) MOD1=0

oo CHECX T0o TURN ON SECOND ORDER ACCURACY "oe

250

If (MOD1ON .EQ, =1) MOD]=]

IF (MODION ,EQ. =1) MOD1ON=1

IF (Z «LT. ZMODION) GO TO 250 $ IF (MODION .EQ, 1) GO TO 250
MOD1ON=-1 § IFf (MODl +EQ. 1) MOD1ON=1

0ZDx=DZ2eDDX $ DZDY=DZ*DDY

see PREDICTNR UPDATE LOOP bAdd

270

280

DO 280 M=m],MAS

D0 270 N=24NC

DO 270 I=1+4

CUP (T oNsM)ZCU(ToNoM) *DZ*CUP (1 eNyM)

CUP(19lsM)ICU(LeleM)*DZO®CUP (1ol eM)

IF (M +GT. ISWSMO)
CUP(2914M)=CU(2419M) ¢DZ2CUP (2414M)

CUP (391 oM)IZCU(3414M)+DZOCUP (391 4M)

CONTINUE

IF (IDYAW .£Q. 1) GO TO 300

see SET SYMMETRY CONDITIONS one

282

300

DO 282 N=2,NC
CUP (49No1)2CUP (49NoMC) =0,
CUP(391+1)2CUP(3414MC)aCUP(3sNCs1)zCUP(39NCoMC) =20,

svose CORRECTOR=-PREDICTOR LOOP [T 2
THIS LOOP STIMULTANEOUSLY CORRECTS ON THE LINE M=l
COMPUTES Z~-DIFFERENCES FOR NEW PREDICTOR ON LINE M=24
AND FINDS TME CFL PARAMETER FOR THF NEXT DZ
Jl1eJ2+J3 CORRESPONDS TO M~=2¢M=lsM RESPECTIVELY FOR
TRANG QUANTITIES.
K1eK2 CORRESPONDS TQO M=2,M=1 RESPECTIVELY FOR
TRANF QUANTITIES.,
K1 CORRESPONDS TO M=2 FOR CF AND CE VECTORS
BASED ON CORRECTED VALUES.
k2 CORRESPONDS TO M=1 FOR CF AND CE (BASED ON
CORRECTED AND/OR PREDICTED VALUFS),
Jle+J2 CORRESPONDS TO M=2 FOR CG VECTOR BASED ON
CORRECTED AND PREDICTED VALUES RESPECTIVELY,
J3 CORRESPONDS TO M=)} FOR CG VECTOR BASED ON
PREDICTED VALUES.
Jl=1 $ U232 $§ U3=3 § Ki=1 § K2=2
MzZMCM2S § MA=0
CFL=0.0
TBZZ20=BZ20(MA) $ TBZPH10=82PMIO0 (MA)
TBPPO=2BPHPHN (MA)
DO A00 MT=],MCP2

D3Css
D3CSS
03CsS
03aCss
D3CSssS
D3css
D3CsSS
D3CsS
D3CsS
D3CsS
D3CSS
D03CsS
D3CsS
D3Css
D3CsS
03CSsS
03Css
D3CsS
D3acss
D3CSS
D3CssS
D3acss
D3CsS
03CssS
D3css
D3CSS
D3CSssS
Dacss
D3CsS
D3CsS
D3CsS
D3CSss
D3cCss
D3CSS
D3acss
D3CSsS
D3Css
D3CSssS
D3CSsS
03Ccss
D3CsS
03Css
D3CsS
D3CssS
D3Css
D3Css
D3Css
D3CSS
D3CssS
D3Css
D3CSS
D3CSS
D3CsS
03CssS
D3CSsS
D3CsS
D3Css

479 ;
4R0 i
481
4RA2
483
“8¢
485
“86
487
88
489
490
491
492
493 ;
494 !
495 $
496 :
497
498
499
500
So01
502
S03
S0
505
506
s07
508
509
S10
511
S12
S13
Sla
518
S16
517
S18
519
S20
521
522
523
524
52%
526
527
528
529
$30
531
532
533
53
535
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MM2zMB § MBzM § M=Me] D3CSS 536

IF (M oNE. MC) GO TO 310 $ IF (VCM2S .FQ. 0) GO TO 310 D3CSS 537

M=] D3CsS 538

310 KK=K] § Kl=x2 § K2zKK 03CSS 5139

JJUSJl $ J1=02 § J2=43 § J3I=JJ 8 [IC=IIP=é D3CsS Se0

IF (MT LT, MCP) GO TO 320 D3CSS S6l

i IF (M (NE. MCP) GO TO 315 D3CsS 542

] IIC=3 $ GO 70 345 DACSS 543

315 IF (M +EQe 1) GO TG 320 D3CSS S44

IF (M LEQ. ?) GO TO 317 03acCssS 545

11P=3 D3CSsS 546

C ene COMPUTE CG VECTOR AT Y=1+DY UYSING SYMMETRY CONDITIONS oo D3CsS 547

CALL TRANG(YMCPMCP4+J2) D3CsS S48

3 CALL EVALSY (DUMsMAGJl e J29J2s0UM) D3CSS 549

60 TO S60 D3CsS 550

[ see COMPUTE CG VECTOR AT Y=] (USING CORRECYED VALUES) *te D3CSsS 551

317 CALL EVALPR(DUMs19sDUMJ29J2+0UM) D3CsSS 552

GO TO S60 D3cssS 583

320 CALL TRANG(Y (M) MeJU3) D3CSsS 554

PHI(M)=THETA#PHIO $§ GY (M)aTG4(JT) D3CsS 555

IF (MT ,GT. MC) GO TO 345 D3CsS 556

TJUUMP (M)20 ¢ BZO(M)=BZ(M) $ BPHIO(M)=BPHI(M) D3CsSS 557

CALL BODY(M) $ CALL BODYP({M,J3) D3CsSS 558

B2Z0(M)=BZZT(J3) § BZPHIO(M)=BZPHIT(J3) $§ APHPHO (M) =8PHPHT (J3) D3CsS 559

[F (MT .LT. MC) GO TO 325 $ IF (M .EQ. MC) GO TO 325 D3cCsS 560

GO TO 345 D3CSS 561

2N 325 COSPHI(M)=CNS(PHI(M)) § SINPHI (M) =SIN(PHI(M)) D3CSS Se62

ICHECK=0 D3CsS 563

’ CALL DECODE (MyCUP»JU3sNCMAX s MCMAX) D3CSS Ses

C LA CORRECTOR FOR SHOCK SHAPE ane D3CSsS 565

C(MYZCU{1sNCoM) =, 5% (CU(1sNCoM) +CUP (1 +NCoM) +DZ®(CZ (M) D3CsS 566

1 «YZ(J3)YRCPHI (M) ZYPHI(J3))) DACSS 567

IF (MT ,GT. 3) GO TO 345 D3CSS 568

- IF (M JNE. 3) GO TO 330 D3css 569

. 4 IIP=3 § GO TO 345 D3CSS 570

330 IF (M JNE. 2) GO TO 600 D3CsS 571

IF (MT LEQ. 2) GO TO 335 DIACSS 572

™ ean COMPUTE CG VECTOR AT Y==DY (l.E.» Y=1=NY) ens D3CSS 573

C *ea NOTE THAT THE CALL TO TRANF IS TO OBTAIN R(NeMC=1) ONLY ee® D3ICSS STae

CALL TRANF (MAsJleK1) D3CsSS 575

CALL EVALPR(DUMJMADUMyJ19J290UM) D3CSS S76

RZ(MA)=BZ0(MA) $ BPHI(MA)=BPHIO(MA) DICSS 577

BZZ0(MA)=TBZZ0 $ BZPHIO(MA)=TBZPHIO D3CSS 578

BPHPHO (MA) =TBPPO D3CsSS 579

1 GO TO 345 D3CSS 580

335 1IC=3 D3cssS 5A1

\ C sod COMPUTE CG VECTOR AT Y==DY USING SYMMFTRY CONDITIONS so0 D3CsS 582

) CALL TRANG(YO0s0sU1) D3CSsS 583

c L2 ) THE FOLLOWING CALL IS TO FIND R(Ne+2) ONLY b d p3Ccss 584

o CALL TRANF (24J3eK1) D3CsS 585

4 CALL EVALSY (DUM2+J29J19J2¢DUM) Dacss 586

- 345 CALL TRANF (M84J2+K2) 03CSS s87

i CALL EVAL(14MBsK29J20J3eK2) D3CSsS 588

B DO 400 N32sNA § NP=N+ICP D3CSsS 589

ot DO 400 I=1,TIC D3CsS 5990

t CU(T+NyMB)=,50 (CU{T+NoMB) +CUP(I4NsMA) D3CSsS 591

. 1 «(CF{I1sNPyK2)=CF(IsNP=]sK2})aDZNX D3CSsS 592
o,
3
; .
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? “(CG(TsNeJII=CGITsNoJ2))ONZDY=D7®CE([oNeK2)}
400 CONTINUF
sne CORRECTNR FOR wALL POINTS tee
CALL WALL(MR4JIsJ29J2eK2s1)
CUL1414MB)=,59(CU(LslsMRISCUP(lsloMa)en7eP7)
IF (MB ,LE. ISWSMO) GO TO 420
CU(201 MBI 2,52 (CUL2e1sMR)SCUP 241 9MR) eN7 967
GO TO 425
420 CUI241oMB)=SZ
425 CONTINUE
IF (1IC «EQ, 4) CU(3e1¢MB)=,5%(CU(34)eMA)eCUP(34lsMB)eDZ0V27Z)
#ee CORRECTOR FOR SHOCK PNINTS ees
CALL SHOCK (MBysJ3eJ2eJ2eK20e1)
CU(29NCsMB) =, 52 (CU(2+NCsMB) ¢CUP (2sNC+MR) ¢NZ*DCZ7)
IF(ITCeEQe®) CU(3WNCIMA) =58 (CU(IINCIMR) ¢CUP (I4MCoMR) ¢DZSDCPHZ)
DUM=CZ(MB) § OUMCP=3CPHI (MB)

ICHECK=]

CALL DECODE (MR CU+sJ2 ¢NCMAX 4 MCMAX)

BMA=8(MB) $§ CRMA=CZ(MR) [ CMRAZC (MR} =BMR

DDCR= (DUM=CZMB) /CMBB 4
CPHIMB=CPHI (MB) $ DOCPB=(DUMCP=-CP=IMA) /CMBR

IF (TJUMP(MR) .EQ. 1) GO TO 43S
DDOBP=DDAZ=0, $ GO TO 440
435 DUM1=BZ(MB) $§ DUM2=BPHI (MA)
BZZ=8Z2T(J2) $ APHPHI=BPHPHT (J2) $ RIPHMI=RZPHIT (J2)
BZ(MB)3BZT(J2) $ BPMI(MB)=BPHIT (J42)
CALL BODYPP (MB,JU2)
DUMM=DUM2~-BPHI (MB) $ DELBP=DUMM/R (MB)
DOBPaDUMM/CMB8 § DELBZ=DUM]1-BZ(vB) $ DDRZ=DELBZ/CMBR
CALL JUMP (DELBPIDELBZ+MB)
CU(2919MB) =SW (MB)
CU(1919MB)=ALOG(P(1+MB))
CU(3919MB) =V (] ,MB)+BPHI (MB)SY(],MB) /B (MRA)
(222 UPDATE TRANF QUANTITIES USING CORRECTED CZ AND CPHI LAt
440 DO 450 N314NC
XRN=XR(NyK2) $ DSX=R(N.MB)-BMB § DSXx1=DSX=-CMBB
XZ(NsK2)=XZ(NeK2) ¢XRN® (DDCB*DSX~DDRZ*DSX])
XPHT (NoK2) =XPHI (NeK2) =XAN® (DSX]1#DDAP=-DSX*NDCPB)
TF6(NsK2)=TF6(NsK2) «DDRZ~DDCR
TF7(NsK2)2TFT (NsK2) +DDBP=-DDCPB
450 CONTINUE
CALL EVAL(0.MBK2+J2eJ2¢K2)
(222 COMPUTE Z OIFFERENCES FOR PREDICTOR see
one NOTE THAT CP AND CUP STORE THESE QUANTITIES hded
IF (M JEG. 2) GO TO 600
560 DO S80 N=2sNA § NP=Ne¢IPC
DO 580 I=1l.11P
CUP(TaNoMM2) == (CF (I sNP X1 ) =CF {1 4NP=14K1))®NDX
1 “(CO(TeNsJ2)=CG(IsNsJ1))®DDY=CE(TyNoK])
S80 CONTINUE
If (MOD1ON ,EQ, =~1) MOD1=]
CALL WALL (MM24J2¢J)eJd]lsK1s0)
1F (MODION ,EQ, ~1) MOD1=0
CUP(1e1eMM2)2PZ § CUP(3s19MM2)=v2Z
CUP (291 4MM2) 287
CALL SHOCK(MM2,J2+Jd19J19K140)
CUP (1eNCsMM2)=DCZ $ CUP(2¢NCoMM2)=2DCZZ S CUP(IeNC+MM2) =DCPHZ
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600 CONTINUE
IF (ISWDIF ,EQ. 0) GO TO 604
IPC=z1=IPC § ICP=IPC § BJ=-BJ
604 CONTINUE

[ T2 QUTPUT =~ FORCES = MOMENTS ase
IF (MCM2S .FQ. 0) GO Tn 610
PHI(MC)=PHIO $ C(MC)=C(1) $ CZ(MC)=CZ(1) & CPHI(MC)=CPHI(])
DO 605 N=1lsNC
R(NsMC)=R(Ny1) § U(NIMCIZUINsLl) S V(NeMCIEV(Ns1)
WINJMC)=W(Nel) $ P(NeMCIZP(Ns1l) S D(NeMC)ZD(No1)
605 CONTINUE
610 IF (IPRINT ,EQ., 1) GO TO 675
IF ((Z-PRINTZ) .GT. DZPRINT) GO TO 670
DO 625 I=l,S
IF (Z +LT. ZPRINT(I)) GO TO 650
625 CONTINUE
60 T0 700
650 IF (MOD(K+KOUT(I)) NE. 0) GO TO 700
670 IPRINT=]
675 CALL FIELD $ PRINTZ=Z

ACH IS THE MACH NUMBER

ATTA IS THE ANGLE OF ATTACK

CONE IS THE SHOULDER ANGLE

K IS THE STATION NUMBER

NC IS THE NUMBER OF POINTS IN RADIAL DIRECTION

MC IS THE NUMBER OF PLANES IN TANGENTIAL DIRECTION
Z IS THE LENGTH ALONG BODY AXIS

PHI IS THE ANGLE OF PLANE IN TANGENTIAL OIRECTION
CZ IS +TAN(SIGMA)

CPHI IS =TAN(DELTA)

INDEX 1 MEANS FLOW VARIABLES ON THE RODY

INNDEX NC MEANS FLOW VARIABLES ON THE SHOCK

700 CALL INTEG(1)
725 WRITE (16) NCsMCsATTAsYAWIACHIGAMMA JPINF¢NDINF oPHIO K2
A INGASINTESTeRRX
1 oFNoFYsFAMX oMY MZsFNZsFYZsFAZ 9y MXZ9MYZIMZ2
2 o (PHI (M) 4CU(M) ¢yCZ (M) 4CPHI (M) gM=] 4MC)
3 s LIR(NoM) QU (NoM) gV (NIM) sWI{NeM) sP (NoM) oD (NosM) gMu] ¢MC) oN=m ] 4NC)
750 IF (2 +LTe ZEND .ANDe K +LT. KA) GO TO 200
IF (IPRINT ,EQ. 0) CALL FIELD
WRITE (17) NCoMCsATTAsYAWSACHIGAMMAJPINFsDINFsPHIOK 2
A sNGASNTESTsRRX
1 SFNoFYsFAMX oMY ¢MZoFNZoFYZoFAZ o MXZ9MYZ9MZZ
2 e (PHI (M) qC(M) 9C2(M) 4CPHI (M) gMz],4MC)
3 ¢ {IR(NoM) sU(NsM) s VINIM) g W(NsU) 9P (NoM) sD(NsM) yMu] oMC) oN=]14NC)
CALL OUT 8 STOP $ END
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SUBROUTINE QODYP (MyJ3)

BODYP COMPHTES CERTAIN 80DY PARAMETERS NEEDED IN

SURROUTINE WALL. THIS ROUTINE ALSO TESTS FOR DISCONTINUITIES
IN BZ AND ARPHI,

J3=142+3 IS A LINE INDEX FOR BOOY PARAMETERS

COMMON NCoMC oK oPINFsDINFIPHIOWIDYAW,PI,RAD

COMMON YZ(3) 2 YPHI(3)sC(25)4CZ(25)¢eCPHI(25)4R(20+25)

COMMON D(20425) 9P (20925)eU(20025) eV (20625)sW(20+¢25)+ASQ(20+25)
COMMON CU(4420+25) yCUP (4+20+25)
. END OF RLANK COMMON L 424

COMMON /CBODY/ 24+BZZ+BPHPHIWBZPHI+sTANCOLDELZ

1 WPHI(25) 4B (25) 482 (25) +BPHI (25) »COSPHI(25) ¢ SINPHI (25)

COMMON /CBONYP/ DZ4PHIYJePHIZ2JUeBZT(3)+BPHIT(3)RZ2ZT(I)

1 «BPHPHT (3) sRZPHIT(3) +BZ0(25) sBPHIO(25) ¢ APHPHO(25) +BZPHIN (25)
2 +B2201(25)

COMMON /BLK0N3/ ICFLeA2(3)9A3(3)9A4(3)4A5(3) AT ()

1 s IJUMP (25) s TJUMP] (25) 9 TUMPKT (25)

82MxB8ZT (J3)=BZ (M) $ BPHIT(J3)2BPHI (M)

BPHPHT (U3)=RPHPHI § BZPMIT(JU3)=8ZPHT $§ BZZT(J3)=BZ2Z
BZOM=RZO(M) $ BZPHOM=BZPHIO (M) "
TEST1=AMAX] (ABS(BZ2Z) »ABS(BZZ0(M))) § TEST1=ABS(BZM=-BZOM)=DZ*TEST]
TEST2=AMAX] (ARS(BZPHI) s ABS (BZPHOM) )

TEST2=ABRS (BPHI (M) =BPHIO (M) ) =DZ®TEST2

IF (TEST) o+LEe 1.,E=6 .ANDe TESTZ2 .LE. 1.E=6) GO TO 200
hdd IF (PHI1J oLTe PHI(M) LTe PHI2J) THEN NO JUMP sae
IF (PHI(M) ,GE. PHI2J) GO TO 10

IF (PHI(M) LE, PHI1J) GO TO 10

ICFL21 $ IJUMPLl(M)=2 S GO TO 200

B8Z(M)=RZOM & BPHI (M) =BPHIO (M) S TJUMP (M) =}l
BPHPMHI=BPHPHO (M) § BZPHI=BZPHOM § B7Z2BZ720(M)

ENTRY BODYPP

RM=R (M) § BZM=BZ (M) $ PHIZ3=YZ(J3)/YPHI(J3)
BPOR=APH] (M) /BM § BPOB2=BPNR*?2 § NUM=],+R7ME8D
A22=DUM+BPOR2 § DUM]=(RPHPHI/BM=BPOR2)
DUM23(BZZ+BZPHI*PHIZ)/DUM § DUM3I=BZPHI/RAM
DUM4=DUM3=-BZM*8POB/BM

A2(J3)3SORT (A22) § A3 (J3)=DUMLI/YPHI (U3)

A4 (J3)=DUMALPHIZODUM] § AS5(J3)=RZPHI/YPHI(UI)

AT (J3)=2DUM2*DUM

RETURN

END
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SURQOUTINE DECODE (MsCVsJsNDIMeMOIM) DECODE

4
C DECNDE 3
c DECODE FINNS FLOW VARTABLES FROM THE CONSERVATION VECTORs CV. DECODE 4
c THIS VEFRSINN ASSUMES THAT CV(1ls1leM)=LOG(P)s CV(29s1eM)3S, DECOOE 5
c CV(3sleM)zy2aye (BPHI/B) Y DECODE 6
c CV(1eNCoM)=C CV(2¢NCsM)=C2 CV(39+NCoM)=CPHI DECODE 7
c THIS ROUTINE CONTAINS SELECTIVE SMNOTHING OF CONSERVATION DECNDE 8
[« VECTOR wWwHEN DECODED PRESSURE 1S NEGATIVE, DECOHDE 9
[« NOTE THAT cv IS EITHER CU OR CUP AS THE DECNDE 10
[o SENUENCE IN THE MAIN PROGRAM INDICATES DECNDE 11
c Jz1s2+3 IS A LINE INDEX FOR BODYP PARAMETERS DECOOE 12
c DECODE 13
COMMON/RGASS/AX s HX s TXsRRX9sGX o NTEST 4 NGASyNFIRST DECODE 14
COMMON NCeMC 1K oPINF4DINFsPHIO IDYAW,PI,RAN NEWCOM 1
COMMON YZ(3)4YPHI(3)9C(25)4+C2(25)+CPHI(25)4R(20425) NEWCOM 2
COMMON D (20425) +P(20025)9U(20925) 9V (20625) ¢W(20+25)+A5Q(20,25) NEWCOM 3
COMMON CU(4,20+25)2CUP (4+2042%5) NEWCOM o
[ see END OF R ANK COMMON soe CD3CSS 32
COMMON /CDECODE/ GFF+GGoGIM1 oHINFsVLIINF o V2INFoWINX,DINF2 CDECODE 2
1 s ICHECK s X 1K INEGs XIKINP24GC(20425) CDECODE 3
COMMON /CBONY/ Z+8ZZ+BPHPHI ¢BZPHI s TANCODELZ cBoDY 2
1 +PHI(25) ,8(25) ¢BZ(25) +BPHI(25) »COSPHI(25) « SINPH] (25) cBooyY 3
COMMON /BLK0D2/ ZHETAIDYTGH(I)sTGS(3)eTG6(3) BLKOZ2 2
1 eX(20)9XZ(20+2)9XR(2002) o XPHI(2042),4Y(25) aLko2 3
2 oTFA(2042)2TF6(2002)9TFT(20+2) BLKO2 .
COMMON /BLK03/ ICFLAZ2(3)9A3(3)A4(3)sAS(3),AT(I) BLKO3 2
1 ¢ TJUMP (25) s TJUMP1 (25) » IUMPKT (25) 8LKo3 3
, COMMON /BLKO&4/ GAMMA+GBsGDsGEIGA29s0DDXsDDYsHOT2,ELIMILCNT ISWSMO4NA BLKOS 4
1 eSW(25) +GM(20+25) BLKO4 3
c DECODE 1€
ODIMENSION CV(44NDIMsMDIM) DECODE 17
U3aCVI3eleM) DECODE 18
4 SWIM)ISWMICV(251eM) DECODE 19
. T1=87(M) $ T22BPHI(M}/R(M) 8§ T3z)],+T2%e2 OECODE 20
* IF (CV(leleM) 6T, =600e «ANDe CV(1oleM) LTe 700.) GO YO 2001 ouMP S
WRITE (5+34586) MeCVIleleM) DuUMP 6
3456 FORMAT({1Hle>IN SUBROUTINE DECODE THE LOG OF PRESSURE ON PLANE#*,13, DUMP 7
1 ® ON TrF 30DY [S®e1PE1S.695XyP=ee STOP =w=®) oumP 8
CALL SAVE (DUMsDUM4DUM) DUMP 9
2001 CONTINUE DumMP 10
P(1eM)ZPMEEXP(CV(1eleM)) DECODE 21
CALL RGAS(PM,DMSWM5) DECODE 22
D(leM)=DM DECODE 23
ASQ(leM)zAX®AX DECODE 26 1
QSQ=HOT2=2,0HKX DECODE 25
COUMP=QSQ®TI-U3*u3 DumP 11
* IF (CDUMP .GE. 0.) GO TO 1001 DumP 12
CALL OMPSQRT {SHDECODEs1+Z9KeMs1+COUMP) DuUMP 13
1001 wM=SQRT (COUMP) /A2 (J) Dume 14
o IF(NTESTL.GE,0)GO TO 18 DECODE 27
§ GMTale/(1s~PM/ (DMOHX)) DECODE 28
: GM (] oM)aGMT DECODE 29
' 18 wW(l,M)awm DECODE 30
Y V{l.M)3vMz ()3=T2eT10uWM) /T3 DECNDE 3l
i U]l M) UMz T #gMeT20yM DECODE 32
L DO 10 N=2sNa DECODE 33
KNT=0 DECODE k1Y
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3268 FORMAT(1HO+#P IS NEGATIVE BUT NOT AVERAGEDN #9S5X+®ZsNsMeK=®,FT 43y

3267

36

2
3273

91

1002

21

NSWC/WOL/TR 77-28

IF(NTEST)19,20420
+USE LAST VALUE OF GAMMA AS ESTIMATE FOR NFw VALUE
ICNT=0

GMT=GM(NoM)

GG=GMTeGMT -],

GFF=GMTe1,

CONTINUE

ULl=CV (] ¢NeMy FU2=CVI(24NeM) su21= 127Ul

UNMz2U (N M) =V (J4NeM) /UL SVNM=V (NyM) =CV (4eNoM) /U]
VK =(jNMe®s2 s YNMRSD

PHT=HOTP=VK

CRAP1=U2]1*U2]

PHTU=PHT~-CRAP]

IFIKNT,LT.2)G0 TO 32

XIKINEG=X1K]1S § XIKINPP=X1K]1SP2

IF (PHTU.GT«0.0)G0 TO 91

IF(NJEQ.,NA) WRITE(6+3268)Z¢NesMyx

IF(NJEQ.NAIGO TO 91

1 315}

KNTaKNT+1 $ [F(KNT.LEL2)GO TO 34

WRITE(643267)ZeNeMsK

FORMAT (1HOs#P STAYS NEGATIVE AFTER AVERAGING®sSXs2ZeNeMsK =%y
1 FT+3+3I5)

IF (NTEST «LTe 0) CALL SAVE(DUM,DUM,DUM)

GO0 TO 91

IF(KNTLEQ.1)G0 TO 4

XIK1S=X1KINEG § X1K1SP2=X1KINP2

XIKINEG=0. § X1KINP2=2,

IF(N.EQ,2)G0 TO 5

DO 6 I=1+4

CV(IoNaM IS (CV(TsN*LsM) ¢XIKINEGO#CV(TsNoM) +CVIIoN=14M))/XIKINP2
GO Y0 2

TCU=DOMewM

CVI192sMIZ(CV(]e3eM)*XIKINEG®CY(1924M)+TC)/X1K]INP2
CVIP92eMIZ(CV(2439M) ¢XIKINEGO®CV (292eM) +PMeTCURWM) /X1IKINP2
CVI39324MIT(CV(3434M) ¢XIKINEG®*CV (392,M) +UM®TCU) /X1KINP2
CVI(4s24M)I=Z(CVI4s3oM)*XIKINEG®*CV (4924M) «VMRTCU) /X1IKINP2
WRITE(6¢3273) XIKINEGsZeNsMsK

FORMAT (1HO+#THE CONSERVATION VECTOR IS 1=®9sF3.0,®=1#,5X,
1 OZsNeMeK = #4FT7,3,315)

60 TO 20

CONTINUE

CRAPP=PHTU/CRAR]

CRAP2=CRAPPeGG

cCDUMP=] ,=CRAP2

IF (CDUMP .GE. 0.) GO TO 1002

CALL DMPSORT (SHDECODE+29ZeKsMsN,COUMP)
CRAPITCRAPZ2/((1.+SARTICDUMP) ) *GFF)

WNMz (1 ,=CRAP3) #U21

PNMaP (NoM)SCRAPI®U2

ONM=D (NoM) 2UL/WNM

IFINTESTIZ2) 22,22

CALL HRGAS (PNM,DNM¢DUMMY 4 2)

ERRZ2 . ®HX *+WNMPYNM=OHT

WNM22WNM

IF(ABS(ERR/HX) =ELIM) 23,23424
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24 IF(ICNT)28416
CeseeQUASIREAL GAS APPRQOACH FAILS.ITERATE FOR SOLUTION.
Ceeseef [RST BRACKFET CORRECT SOLUTION
16 ANMXZWNM]=wNM
ERRX=ERR]1=EQR
GCC=GC(NeM)
WNM2ERR/GCC + WNM
IF(GCCeLTe1.E*+99)G0O TO 80
GMT=1a/(1e=PNM/ (DNM®HX) )
ICNT=ICNTe]
GO0 Y0 17
25 ICNT=ICNTe»l
B0 IF (WNM,GT.U21)dNMay21l=1,E~10
PNMzU2=-whNMey]
ONM=U 1/ wWNM
CALL HRGAS (PNM,DNM4DUMMY 4 2)
ERR2=ERR32, #HX ¢+ WNMOWNM=PHT
WNM2 =WNM
IF(ABS(ERR/MX)=ELIM 123423426
CeeeesSOLUTION NOT ACCURATE ENOQUGH
26 IF(ICNT=LCNT)28+28,30
30 WRITE(6+2000)N.M
2000 FORMAT(1IH1+21S+*ITERATION LIMIT EXCEED®)
sSTop
28 IF(ERR*ERR1)27,29+29
CeeeeeSOLUTION NOT BRACKETED
CeoeeoEXTRAPOLATE FOR NEW SOLUTION
29 DWNM= (WNM~WNM]1)®ERR]1/ (ERR1<-ERR)
IF (ABS (DWNM) ,GT .. 05®ABS (WNM) ) DWNM=,0S®ARS (WNM) ®ABS (DWNM) /DWNM
WNM2ZWNM] +DWNM
IF (ABS(ERR) .LT.ABS(ERR]1))GO TO 79
WNMzWNM2
GO TO 25
79 ERR1=ERR
WNMY =N
WNM=WNM2
GO TO 2%
CooeesSOLUTION IS BRACKETED
27 ICNT=ICNT+]
WNM2ZWNM] + (WNM=WNM]1) *ERR]1/ (ERR]1=ERR)
PNMzU2=WNM2ey]
DNMzU1/WNM2
CALL HRGAS (PNM,DNM,DUMMY 4 2)
ERR2=2 ., *HX + WNM2®WNM2=PKHT
IF (ABS(ERR2/HX) =ELIM) 23,423,442
42 IF(ICNT=LCNT)I434543,30
43 IF(ERR29ERR) 4444445
CesoeeWNM? AND wNM BRACKET SOLUTION
44 WNM]aWNM2
ERR]=ERR2
GO0 10 27
CeeoesWNM] AND WNMZ2 ARE BRACKET POINTS
45 WNMzZWNM2
ERR=z=ERR?2
GO 10 27
Ceoee s CONVERGENCE ACHIEVED
23 GM(NM)IZGMT=1,/11,=PNM/ (DNMeKX))
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IF (ICNT GT,. 1) GC(NsM)=(ERR2-ERRX) / (WNMX=WNM2)
WINGM) 2WNM2

PINGM) =PNM

DINGM) =ONM

IF(ICHE "X 5. 1)1CALL ARGAS (PNMsDNMsaX241)

GO TO 10

CONT INUF

AX2=GAMMARDNM/NNM

WiNgM) ZwNM

ASQ (NeM)ZAXD

SHOCK SHAPE AND THEREFORE Vv FREE STREAM ARE KNOWN.

PREGSURE. ANND DENSITY ARE CALCULATED FROM SHOCK RELATIONS.

UINXz==(V1IINFRCOSPHI (M) « V2INF#SINPHI (M))
VINX=V]INFOSINPH] (M) =V2INF#COSPHI (M)

CHM=C (M) =CV (1 oNC M) $ CIM=CZ(M)=CV(29sNCoM)
CPRIM=CPH] (M) =V (34NCo M) $ CPHC=CPHIM/CM
DMUI2=CIMO02 ,CPHC#®2+],
CYNMUZWINXR2C ZM=y INX e VINXRCPHC
CVN2=CYNMU#2 /M2

IF(NTEST, GE,0)G0 TO 48

ICNT=0

GMT=GM (NC + M)

GE= (GMTel.01 0.3

GD=(GMT=-1.)*,5

GAMMA=GMTY

Ceoeos CONSTANT GAMMA FORMULAS

48

51

COUMP=CVYN2® (CYN2#DINF2+PINFODINF#(2,+8,2GE®GD/GIM1))
1 «F INFOD[NFOGAMMA®GAMMA

1F (CDUMP .GE. N,) GO TO 1003

CALL DMPSQRT (AHDECODE +39ZsKsMaNCsCOUMP)

1003 PNMz (PINFeDINFOCVN2+SQRT (COUMP)) /(2,9GE)

ONM= ) [ 1F #CVYN2/ (CYN2e (PINF=PNM) /DINF)
AXZ2=HAMMASLUM/NONM

IF (R TEST S ,52480

REAL HAR

CALL HRNASIDNMIONMGDUMMY ¢ 2)
SN2=CVNZ2OD [MF 2/ (DNMODNM)

DCH=3,®*5N2

ERR= (HMX-HINF)®2 _ +SN2=-CVN2

IF (ARS(FRR/mX) «EL IM)S52+52+53

CeneeoNNT ACCHRATE ENOUGH

53
1

Sa4

IFCICNTISS Al

GMT 21,/ 1] =PNM/ (NNMOMX) )

ICNT=ICNT

CYTM=SN2

ERR zFRR

GO YO A%

{CNT=ICNT ]

CcOUMP=CVYNZ/CVTN

IF (COUMP ,GE. 0.} GO TO 1004

CALL OMPSQRT(6HDECODE 146929 sMeNC+CDUMP)

10048 DMMzDINFASQRTICOUMP)

PNM=P INF+D[NFOCVYN2® (] .-DINF/ONM)
CALL HRGAS (PNMNNMDUMMY 4 2)
ERR=2,¢(MX-HINF)*CVIN=-CVNZ2
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IF (ABS(ERR]1/HX) =ELIM)IS2,52,58
S8 IF(ICNT=LCNT)S5455+57
S7 WRITE(642003)IN
sToP
2003 FORMAT (1M1 soL IMIT ON SHOCK ITERATIONS EXCFEDED®,.IS)
S5 IF(ERR1®ERR)S6.56476
CoeseesPOINT NOT BRACKETED
76 DCVN=(SN2=CVTN)®ERR]1/ (ERR]1=ERR)

IF(ABS(DCVN) s3T.ABS(3.,20CH))DOCVN=3,#DCH®ARS (DCVN) /DCVN

CVT2=CVIN+OCVN

IF (ABS(ERR) ,GT,ABS(ERR1))GO TO 78
SN2=CVT2

GO TO Ss

78 SN2=CVTN

EQR=EAR]

CVTN=CVT2

G0 TO 54
CoeeeeeSOLUTION BRACKETED

56 CVT2=SN2+(CVTN=SN2) *ERR/ (ERR-ERR])
ICNT=ICNTe]
COUMP=CVYN2/CVT2
If (COUMP .GE. 0.) GO TO 1005
CALL DMPSQRT (6HDECODE 9SeZsKoMsNC o COUMP)

1005 DNMzDINF®SQRT (COUMP)

PNM=P INF+DINFECUN2® (1 .~DINF/DNM)
CALL HRGAS (PNM,DONMsDUMMY +2)
ERRN=Z2,® (HX-HINF)+CVT2=~-CVN2
IF (ABS(ERRN/HX) ~ELIM)S52+52961

61 IF(ICNT=LCNT)62+62+58

62 IF(ERRN®ERR)68+,69,69

CeoseesERR AND ERRN BRACKET THE SOLUTION

68 CVIN2CVT2
ERR1=ERRN
GO TO S6

CeessoERRL AND ERRN BRACKET THE SOLUTION

69 SN2=CVT2
ERR=ERRN
GO T0 56

Coeoee s CONVERGENCE ACHIEVED

52 GM{NCsM)=1e/(1.,=PNM/ (DNM®HX))
CALL ARGAS (PNM,DNMoAX2,1)

50 CONTINUE
XLCA=CVNMU® (] ,«-DINF/DNM) /DMU2
UNM=U(NCsM) =UINXeXLCA § VNM=V(NCyM)zVINX=«XLCA®CPHC
WNMzW (NCoM) =W INX=XLCA®CZM
P(NC+M) =PNM
D(NC ¢yM) =DNM
ASQ(NCoM) =AX2
RETURN
END
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SURP0UTINF FVAL (L MeITeUSGeJCGIIUCFCE)

EvAL COMPUTES FLUX ANN SOURCE VFCTNRS CF+CGsCF

FROM FiL Ow VARTABLESs TRANG AND TRANF QUANTITIES,

EvaL ALSO rOMPUTES CFL PARAMETER,

IF L=0 EVALUATE FUNCTIONS AND CHECX CFL (PREDICTOR)

[F L=l EVALUATF FUNCTIONS (CORRECTOR)

IT=142 IS & LINE INDEX FOR XZsXReXPHIsTF4sTFSeTFEsTF7
JSA=142¢3 IS & LINE INDEX FOR PHIJVYPHIZY74TG4sTGS5,4TG6
JCheJCFCE aARE LINE INDEXES FOR CG AND (CF.CE) RESPECTIVELY

COMMON NCoMCoKoPINFWDINFIPHIOYIDYAWSPI,,RAN

COMMON YZ(3)sYPHI(3)sC(25)eCZ(25)+CPHI(25) ¢R(20+25})

COMMON D(20425)+P(20+25)9U(20025) sV (20425) sW(20+25)9ASQ(20425)
COMMON CU(4420425) 9CUP (4+20425)

ena END OF RLANK COMMON an

1

1

1

2

1

1

1
5

COMMON /CEVAL/ NCFLJCFLeMCFLsCFL9RJ
COMMON /CBONY/ Z+BZZ+BPHPHIBZP<41sTANCOLDELZ
oPHI(25) «B(25)3sBZ(25)+8BPHI(23) +CNSPHI (PR) +SINPHI (25)
COMMON /8L KN1/ CZY(3)4CPHIY(3)ev2(3)sVOWY(I)sPWY(3I)4SWY(3)
WUNORI(392)sCF (8e2042)9CG(402043)9sCE(447042)
COMMON /BLKNZ2/ THETAWOYsTG4(3)+TGS5(3)sTG6(3)
WX (20)9X72(2002) o XR(2092) +XPHI(2062)4Y (25)
2 TFG(2042) «TFA{20+2)+sTFT(20+2)

COMMON /BLKN4/ GAMMA+GBsGDsGE +GA2+DDX9DDYsHOT2sELIMLCNT ¢ ISWSMOoNA

eSW(25)GM(20425)
CZY(JCGI=CZ (M) $ CPHIY(JCG)=CPHI (M)

YPHIJSYPHI (4SG) 8 YZJ=YZ(JSG) $ TGSU=TGS(JSG)

DO 10 N=zlsNC

UNMzU (NeM) € WNM=W(NyM) § PNM=P(NeM) S VNMIV(NsM)

ONM=D (N,M) § RNMZR(N,M) $§ XZN=XZ(NsIT) $ XRN=XR(NsIT)

XPHINSXPHI (NI T 3 TFAN=TFA(NLIT) § TFENSTFEIN,IT)

TETM=TF7(NGITY

YRPORZYPHIU/AINM  SXPOR=XPHIN/RNM

VOR2VNM/PNM § ANz XRNBUNMSXPHINSYOR € Abz=wNMoXZN+AD

IF (N LLE. 1) UMNORI(NGJCFCE)=AA

RR=WNMBYZ e vPH] jOVOR

XRPz=XANePNM

IF (N NE. 1) GO TO &

OWY (JCG) =PNM § VOWY (JCG)ISVNM/WNM § SWY (JCG)=SW (M)

V2 (JCG)=VNMLAPHT (M) SUNM/B (M)

CF{1eNsJCFCF)=RA=DNM®AA

CF{PeNsJCFCF) =XZNOPNMeRAPWNM

CF (3eNyJCFCF) =XRP+RAPUNM

CF(aeNs JCFCF) 2XPORIPNMeRAGYNM

CO{1sNsJCH) PRZDNMERR

CG{2eNyJCG) YZJOPNMeRROWNM

CG(FaNJCG) RBSUNM

CG(aaNsJCG) = YPOR®PNMeRBEYNM

CE(1eNsJCFCE)ZE1=DNM® (UNM/RNM+TF4N#AA+TGSJ*BB* TFENSWNM
s TFIN®VOR)

CE(P2eNo JCFCF ) =WNM®E | ¢ (TGSJPYZJeTF4NEXZINSTFAN) *PNM

CE(FeNsJCFCF) =UNMOE ] «VNMEVOR®DNMe TF4NFXRP

CE(aeNoJCFCF) =VNMEE ] ¢ (VNMEIDNMEUNMeDNM

P(TFON®XPHINS®TGSUSYPHTIJ¢TFTN) ) /RNM
IF (L +F£Q. 1) GO TO 190

LRI I 1
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C *so CHECK OF CFL CONDITION e

1001

7

10

anoOo0OOn

15

-

A

Bt 2

IF (PNM .LE, 0,) GO TO 10

ASQNMZASQ (N M)

ETAzWNMeWNM=ASONM

DUM| = (ETA® (XRNO#XRNeXPOR®#2) ¢ AD®#2) #aASQNM
YPRAZYPOR®RY $ JCF=]

DUMP=( (ETA+VNM®YNM) *YPRB®&2) #ASONM
WWX]ZWNMTAA-ASQNMSXZN

WWX2= (WNM®HBR<ASQNMeYZ j) 8

IF (DUM]1 .GF, 0.) GO TO 1001

CALL DMPSQRT (4HEVAL sl eZsKoeMyNsDUML)
CONTINUE

SIG=ABS (WWX1) ¢+SQRT (DUM])
SIG2=ABS (WWX2) +SQRT (DUM2)
IF(SI62.,LT.SIG) GO TO 7

JCF=2 $ SIG=SIG2

SIGI=ABS (WWX1ewwX2)
1 *SQRT (DUM1 +DUM2+¢2 . #ASQNM*YPRA® (ETA®XPOR+ADSYNM) )
IF(SIG3.LT.SIG) GO YO 8

JCF =3 $ SIG=SIG3

CFLX=SIG/ETA

IF(CFLX.LE.CFL) GO TO 10

NCFL=N § MCFlL=M $ JCFL2JCF 8 CFL=CFLX
CONTINUE

RETURN

ENTRY EVALPR

EVALPR = EVALSY COMPUTES CG VECTOR, WALL VALUES OF Py V2,
V/Ws S AND SHOCK SLOPES CZ AND CPHI AT PLANES

Y==NY AND Y=]+DY ( (EVALSY)

Ya=-DY AND Y=l (EVALPR)

YZJ=YZ(JSG) $ YPHIJ=YPHI(JSG)

CIY (JUCG)I=CZ M)

PWY (JCGIZP (1eM) $ VOWY(JCG)I=VI1sM)/W(leM) & SWY(JCG)ZSW(M)
V2( JCGI=V(1leM)eU(1sM)SAPHT (M) /B (M)

CPHIY (JCG) =CPHI (M)

FAC=-1,

GO TO 15

ENTRY EVALSY

FAC13DY®TGS(IT) 8§ FAC=(2.~FAC1)/(2.,+FAC1)

IF (M NE. 2) FAC=1,/FAC

YZJaYZ(JSG) § YPHIU=YPKHI (JSG)

PRWY (JCGI=P(1eM) & VOWY(JCG)==V (1 +MISFAC/W(1+M) & SWY(JCG)=SW (M)
V2(JCGIa=(V(1oM)eU(]sM)2BPH] (M) /R (M) ) *FAC
CZY(JCGI=CZ (M) $ CPHIY(JCG)==CPHI(M)eFAC

DO 20 N=1loNC

UNM=U(NeM) § PNMZP (NeM) § RNMER (NeM) § WNM=W (N¢M)
VNMs=V(NsM)SFAC § BB2YZJ*WNMeYPHI J®YNM/RNM
CG(1sNsJCG)aRBD (NyM) *g8
CG(29NeJCG)=YZJ®PNMeRB#WNM

CG(34NyJCG) =RBOUNM

CGtasNsJCG) =YPHIJ®PNM/RNMeRBOVNM

CONTINUE

RETIRN

END
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SUSROUTINE JUMP (DBPOB7 +M8) Jump 2

c Jume 3

(o} JUMP COMPUTES JUMPS CORRESPONDING TO DISCONTINOITIES IN JUMP 4

o AZ AND/OR RPHI, Jump 5

c NOTE THAT THE KEY [JuMPl(MB), JSED IN SURROUTINE wALL. JUMp 6

c IS SET IN THIS SURROUTINE Jume 7

C TJIMP] (MB) = 2 MEANS THERE IS MO JUMP IN Pw Jume 8

c = 3 MEANS THERE IS aN FXPANSION Jump Jump 3

c = 4 MEANS THERE [S & COMPRESSION JUMP Jump 10

(o4 JUMP 11

COMMON NCoMC oK oPINFSDINF+PHINWIDYAWLPIRAD NEWCOM 1

COMMON YZ(3)4YPHI(3)+C(25)4CZ1(25)+CPHI(25)4R(20425) NEWCOM 2

COMMON DI2N+25) 4P (20+26) sU(20025) 9V (20425)4W(20+25)9A50(20,25) NEWCOM 3

COMMON (U{44.20425) 2 UP(4420+25) NEWCOM .

c oo END Of ALANK COMMON so00 cD36SS 32

3 COMMON /CBONY/ 7+82Z+3PHPHI «BZP-41+TANCNDF.2 caooy 2
k 1 WPHI(25) 48 (25) +RZ(2%) +BPHI(25) yCOSPHTI (25) « SINPHI (25) c8ony 3
E: COMMON /RLKNL/ CZY(3)+CPHIY(3)ev2(3) s VOWY (3)sPWY(3) «SNY (3} aLxnl 2
1 WUNOR(392) yCF (4420+2)9CG(422093)+CE(419204+2) BLKO1 3

COMMON /BLKNA2/ THETASNY»TG4(3)+TG5(3)sTGE(T) BLKO2 2

1 W X(20)9X7(20492)9XR(20+2) ¢ XPHI(20+2)4+Y(25) BLKo02 3

2 WTFG(20e2) 0 TF6(2002)sTFT(2042) BLKO2 4

COMMON /BLKN3/ ICFLsA2(3)4A3(3)4A4(3)9A5(3)2AT(3) BLKN3 2

1 W IJUMP (25) s TUUMP (26) 9 TUMPKT (25) BLKO3 3

COMMON /BLKN&/ GAMMAGAsGDsGE +GA2 +DDXsDDY s HOT2.ELIMsLCNT, ISWSMOLNA BLKNG 2

1 «SWI25) +GM(20,425) BLKNA 3

COMMON/RGASS/AX sHX ¢ TX s RRX ¢ GXsNTEST¢NGASHNFIRST JUMP 13

o JUMP le

’ ICNT=0 JUMP 15
ERR2=SIN2=0.0 Juup 16

DWC=,05 Jump 17

] DATA (INT=1R) JUMP 18
- VWSV (144B) § Pw=P(14MB) § DW=D(]14MR) $ wwWw=zw{leMA) Jump 19
g ASQW=ASQ(1e¥R) § UNZU(]sMB) Jump 20
E . - SO=SW(MR) Jump 21
3 PHIN=PHT (M) /RAD Jump 22
WRITE (Ae3100) MA,PHIDK2Z JUMP 23

31N FORMAT(1HOsoJUMP IS CALLED FOR PLANE®+[4sGXe*PHI IS#4sF 7.2 JuMp 24

1 CSXe#x JSeel4,5Xe2Z [S®,1PE]S,6) Jump 25

WwRITE (Ke3110) Jump 26

110 FORMAT(1H «30X,®THE INPUT VARIAQLES ARE AS FOLLOWS®) JUMP 27

3 WRITE (543120) PWsDWsUWsVWsWNeSOASQW Jump 28
2120 FORMAT(1H +22HPNyUsVeiweSeASQ +1PTE1G.5) JUuMp 29

WRITE (/¢3130) A(MA) ¢37(MB) «RPHT (MA) yDBP4NRZsHOT2 JUMP 30

3130 FORMAT(IH +22HAR7+RPHT +DBP«DBZsHOT2+1PEELIS.S) Jume 31

ETAP=B72(MB) $ SIP=zRPH] (MR} /R ({MR) JUMP 32

\ ETAM=ETAP+DPZ ¢ SIM=ST2+NBP Jume 33
XNPD2=] +ETAPBODS[Pea?2 § XNP2SQRT (XNP2) JumMp 34

XNMD=] +FETAMG @D S[MBel § XNM=ZSQIT(XNM2) Jume 35

XNMP=] ,+ETAPSETAM+S[PoCIM Jume 36

B ¢ DUM2ZXNP2#XNM2-XNMP282 § DUM=SQRT(NUM2) $ XT2=NAPEETAM=SIMeDBZ Jume 37
E XTSN=DBP#®2.NYg7082+xXT24482 ¢ XT=SQRT(XTSQ) Jump 38
e QT=(XT2aUW+NBPowW-DRZOyW) /XT JUMP 19
s NSM=XNMS (UW=FTAPIWW=SIOOVW) /DUM § AMMSQ=QSMe#2/ASQW JUmMp a0

it TEST=(XNMPOETAM-XNM2SETAR) 4QSM Jump al

: IF (TEST 6T, n,} 6O TO 5 Jume 42

o Jume %]

—
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THF FLOW DOES NOT CROSS EDGE FROM MINUS TO PLUS
(NO JUMPS IN P, Ds Ss QSQ)

WRITE (643135)

3135 FORMAT(]H ,eTHE FLOW DOES NOT CROSS EDGE IN MARCHING DIRECTION®)

TJUMP] (MB) =2
QSP=QSM
GO 70 110

S THETAR=ACOS (XNMP/ (XNP#XNM)) § CONST=HOT?=QT##2 ¢ QSQxQSMeep

10

3140

3150

THETAD=THETAR/RAD $ AMACH=SQRT({2SQ/ASQW)
IF (AMMSQ .GE. 1.0) GO TO 10

oo SUBSONTC CORNER FLOW (NO JUMPS IN P,0D.S,Q5Q) see

IJUMPL (MB) =
QSP=QS™ $ Gn To 110
IF (QSM .LT. 0.) GO TO 20

eso SUPERSONIC EXPANSION CORNER oo

WRITE (6+3140)

FORMAT {14 +20X,2SYPERSONIC EXPANSION CORNER WHERE®)
WRITE (6+3150) THETADAMACH,QT.QSH

FORMAT(1H +P2HTHETA; AMACH QT +QSM v1P4E1S,S)

CALL RGAS(PWsDWeNUMMY,4)
VPOVR=SORT (ASQW/ (CONST=2.#HX=ASQOW) )
DEL=THETAR/FLOAT(INT)

DO 1S I=1«INT

CC=0. § PWO=PwW

DW=V

17 DPDAL=-DW®QSO®*yPOVR

19

20

3160

ODDAL=DPDAL/ASQW

CD=cCsl.,
PW=(PWO+PW*CC+DEL*DPDAL) /CD

DW= (DWO+DOWeCC+DEL*DDDAL) /CD

CALL RGAS(PW,DWesDIUMMY,4)
QSQ=CONST=2,2HX

ASQWAX®AX
VPOVR=]1,/SQRT(NSQA/ASQW=1,0)

CC=cD % IF (CC .LT. 1.5) GO TO 17
CONTIMUE

ICFL=1 & TJIMP]l(MR)=3 ¢ [JUMPKT(4B) =]
QSP=SQRT(QSN)Y & GO TO 100

san SUPERSONIC COMPRESSION CORNER i

COSTH2= (XNMP/ (XNP#XNM) ) »#2

TJUMPL (MB) =4 $ TJUMPKT(MRB) =]

ISWSMO=0

WRITE (6+31AN)

FORMAT (1H +20X+®SUPERSONIC COMPRESSION CORNER WHERE®)
WRITE (643150) THETAD¢AMACH,QTQSM

I[F (NTEST .Lf. 0) GO TO 4000

esa (PERFECT GAS ORLIQUE SHOCK RELATIONS) oee

SINTH22].-CNOSTH2

AM4=AMMSQ®aD § AMZ2IAMMSQ e

Clz~((AM242,) /AM2+GAMMA®SINTH2) $ C32~COSTH2/AM4
C22(2.9AM2¢1,) /AMA+ (257 (GAMMA+] ) #9024 (GAMMA=],) /AM2) *SINTH2
DUMM=C1/3. § A=-C2+DUMM®C] § SA=CI~(C2-2.%C1%%2/9,) *DUMM
NOUM=SRRT(A/3,) $ DDUM]1=2,9DDUM

TEST=-,52SA/(00UMes3) & [F (TEST .GE. =1.0) GO TO 25

WRITE (6+31A5)

31A5 FORMAT (1M +20X,*NORMAL SHOCK MODE 1S USED®)
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PWO=PwW € T=aM?2 & GO TO 45
XX=aCOS(TEST) /13,

X1=COS(XX) € X2=COS(XX+2.2P[/3,) $ X3=COS(XX+4,2P[/3,)

IF (X1 JLT. X2) GO 7O 30 $ xDUM=X1l & X1=X2 § X2=XDUM
IF (X1 ,LE. X3) GO TO 35 % SX=X! § GO TO 49

IF (X3 JLE. X2) X2=x3 $ SX=Xx2
SINTH2=NDUM] eSxX~DUMM § T=AM22SINTH?
69=GE/GD

PWw=PWwe ( (GA2#T~1,})/G9)
DW=DWe{T/(T/GO+1./GE))

ASP=QSMESQRT (1 ,=(T=1.0)% (GAMMA®T+] )/ (TRAMPSGE®=2))

CALL RGAS(PWsDWsSWI(MB) 44)

ASQW=AX®AX

IF {(TEST .GF., =1.0) GO TO 100
CONST=ASQW/ {GAMMA=) ,0) +,5%Q5P#*aD
PWzEWe#SINTHZ

IF (PW ,GT, PwWN) GO TO 75

PW=PW0 § ITJUMP]L (MB)=2 % IJMPKT(MB) =0
GO TO 75

CONTINUE

o it REAL GAS 0B TQUE SHOCX #as

3o0

101
108

113
3000

TEST=0.0

CALL RGAS(PWsDWsDUMMY,4)
WRITE(6:300)PW,NDWsAXsHX ¢ASQWs AMMSQ
FORMAT(1H +rE16.8)

HXMaHX

SIND=SQRT(1,=COSTH2)
TANND=SIND/SQRT (COSTH2)
SIN1=~DWC+.001¢SIN(1./SQRT (AMMSQ))
IF(SIND,GE.SIN1)SINI=SIND+,001=0WC
SINI=SINY+DWC

GO TO 108

SIN1=SIN2-EQR2# (SIN3~-SIN2)/(ERR3I-ERR2)
COSYI=SQRT(1,.~SIN1®*SIN])
CTN1=CO0S1/STN]

Ul=nNSMeSINI

VT=QSMeCOS1

UZ2=VTe(].~-TaND=CTN1)/ (TAND+CTN])
DWT=DWeyl/u>

PWT=zPW+DW2U]*U] ~DWT*U24Y2
WRITE(6.300)PWT+DWTHSINI]

CALL RGAS(PWT DWT.SW(MB) +4)
QSP==SQRT(U2*y2+VTaVT)
IF(=QSP/AX.GEL1.)G0O TO 109
IFIOWC.LTL.n05)G0 TO 113
DWC=0WC/2.

SINI=SINYI=-DWC

GO TO 108

WRITE(6.3000)

FORMAT (e NO OBLIQUE SHOCK SOLUTION. NORMAL SHOCK MQODE USED,.,*)

GAMMA=GM (] ,MB)

GA2=2,2GAMMA/ (GAMMA=],)

GCCx (GAMMA+Y ,) /(GAMMA=],)
GE=(GAMNAL]L ) /2.

TEST==2,
PAT=PW® ( (GAD®AMMSQ~1,) /GCC)
DWT=zNwWe (AMMSQ/ (AMMSQ/GCC*+1./GE) )
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CALL RGAS(PWTDOWT4SW(MO) 44) Jume 158
ASQu=AX®AX ) JUuMP 159

GO TO 98 : JuMp 160

109 ERR1=2,08 (HXM=HX) sUl*U]l=U2eU2 J JuMp 161
ASQY=AXBAX Jume 152
HRITE(é-ZOOO)ICHT,SINl-ERRIoSIN?-EPPZoSIN3oERR3 Jump 163
2000 FORMAT(IH +1546£16,8) . JUMP 164
IF (ABS{ERRI/HX) ,LT.ELIMIGO TO 98 . JUumMp 165
ICNT=ICNT+} Jume 166
IF{ICNT,GT.2)60 TN 106 Jume 167
FRR3I=ERRZ Jume le8
STM3=SIN2 JuMe 169
SIN2=SINI JUMpP 170
ERRP?=ERR] Jump 171

GO TO 111 Jume 172

106 TF(ICNT LE.2*LCNTIGO TO 103 JumMp 173
WRITE(64200) JUMP 174

200 FORMAT(1H1+#0BLIQUE SHOCK ITERATION EXCEEDS LIMIT®) BNV T 175
SToP JUuMp 176

103 IF(FRRIERR2.GE.0.0)G0 TO 104 JumMp 177
ERRI=ERRP] Jump 178
SIN3I=SINI JUMP 179

GO 7O 101 JUuMP 180

104 IF(FRRI1®ERR3,GE.0.0)G0 TO 10S JuMe 181
ERRP2=ERR1 JUMP 182
SIN2xSIN] JUMP 183

GO TO 101 JUMP 184

105 ERRI=ERRGm JUMP 185
ERR2=ERRA] Jump 186
SIN3=SIN2 JUMP 187
SIN2=3INI Jume 188

GO TO 111 Jump 189

98 CONTINUE JUMP 190
DW=0DWT JUMP 191
PW=pPWT yump 192

IF (TEST .GF, ~1.0) GO TO 100 Jume 193
CONST=HXe,58QSpau)p JuMp 194
PW=PwW 8(]1,-COSTH2) Jump 195

If (PW .GT. PwD) GO TO 75 JUMP 196
PW=0H0 § TJUMP] (MB)=2 § IJMPKT(MB8)=x0 Jump 197

7S CALL RGAS(PW,DWsSW(MB),5) Jump 198
ASOW=AX®AX Jume 199
0SP==SQRT (2,2 (CONST=HX) ) JUMP 200

100 D(1,M8)=DW % P(1.MB)2PW $ ASQ(1,MB)=ASQW JUuMP 201
110 AA1l=QT/XT S AA2=QSP/{DUM2XNP) JuMp 202
VI1,MB)=AA2a (XNP23SIM~XNMP2aSIP) ~AA]#DB7 Jume 203
{1, MB)=AALlSXT2+8A2% (XNMP=XNP2) JUMP 206
H(1.MB)=AAl3DBP+AA2® (XNP2*ETAM=XNMPSETAP) JuMp 205
WRITE (A+3170) JUMP 206
3170 FORMATI{1H ,30X,*THE OUTPUT VARIABLES ARE AS FOLLOWS®) JUMP 207
WRITE (6+3120) PW,DHeU(1+MBI sV (1 sMR) oW (1sMR) ¢SW(MB) 4ASQ(]+MA) Jump 208
RETURN JumMp 209

END JUMP 210
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SUBROUTINE TRANF (MyJs 1) TRANF 2
C TRANF 3
C TRANF DEFINES QUANTITIES ASSOCIATED WITH THE CLUSTERING TRAMNF 4
C TRANSFORMATION IN THE R DIRECTION (SEE STATEMENTS TRANF 5
C I~-8 BELOW)., THE CLUSTERING TRANSFORMATION IS ASSUMED TRANF 6
(o IN THE FORM TRANF 7
C SX=SF (XeYs2Z) WHERE SX=(R=B(Z+PHI))/(CUZ+PHI)=B(Z+PHI)) TRANF 8
C THE USER CAN SPECIFY THE FUNCTINN SFi{XeYeZ)e TRANF 9
C THE USER MUST DEFINE AS FUNCTIONS OF (X»Ye2) THE FOLLOWING TRANF 10
c SXs SFXs SFYs SF2s SFXXs SFZXe SFYX TRANF 11
c SEE USERS MANUAL FOR RESTRICTIONS AND INSTRUCTIONS TRANF 12
c J=1+243 IS A LINE INDEX FOR TRANF QUANTITIES TRANF 13
c I=1+2 IS A LINE INDEX FOR TRANF QUANTITIES TRANF 16 :
c TRANF 15 i
COMMON NCMCoKsPINF4DINFsPHIOIIDYAWIPI4RAD NEWCOM 1
COMMON YZ(3) s YPHI(3)+C(25)+CZ(25) sCPHI(25)+R(20425) NEWCOM 2
COMMON D(20+25) P (20925)sU(20925)9V(20525)4W(20+25)+ASQ(20425) NEWCOM 3
COMMON CU(4,204+25) 9CUP(4+20,+25) NEWCOM 4
C ona END OF RLANK COMMON e CD3cCSS 32
COMMON /CTRANF/ NSFDySFD(20) +SFXD(20) +SFXXD(20) NEWCOM 8
COMMON /CBODY/ Z+BZZ+BPHPHIWBZPHI»TANCO,DELZ cBooy 2
1 «PHI (25) 4B (25)+BZ(25) sBPHI(25) »COSPHI(25) s SINPHI (25) caooy 3
COMMON /BLK02/ THETADY TG4 (3)»TGS(3)+TGH(3) aLKo2 2
1 e X(20)9XZ(20+2) «XR(20+2) ¢ XPHI (2042} Y (25) 8LK02 3
2 2 TF4(20+2)9TF6(20+2)»TFT(20,2) BLKD2 4
o TRANF 18
CZM=CZ (M) S BM=gI(M) $ 3ZM=BZ (M) SBPHIM=BPHI (M) TRANF 19
CMB=C (M) -8M $ BZMCZ=8ZM = CZM S§ BPMCPaBPHIM =CPHI(M) TRANF 20
YZJ=YZ{W $ YPHIJ=YPHI(J) $ TG6U=TG6(J) TRANF 21
Cot R a st aacaastatallasansasladisdtansdonstiasilnasdsianiiaganiansdastasasnsnases TRANF 22
C TRANF 23
C THIS ROUTINE IS VERSION 1 OF TRANF CORRESPONDING EITHER TRANF 264
c TO NO CLUSTERINGs I.E.s SF(XsYs2Z)=X TRANF 25
(o OR THE USER HAS READ IN THE SF(X) DATA POINTS TRANF 26
C TRANF 27
SFx=1.0 3 SFXX=0.0 $ SFY=0,0 TRANF 28
SFZx=0.0 $ SFYX=0.0 $ SFZ=0.0 TRANF 29
DO 100 N=1NC TRANF 30
1F (NSFD .EQ. 0) GO TO 25 TRANF 31
o TRANF 32
o THE USER READ IN THE SF{X) OATA POINTS TRANF 33
C TRANF 34
SX=SFD(N) $ SFX=SFXL(N) $§ SFXX=SFXXD(N) TRANF 35
GO TO SO o TRANF 36
c TRANF 37
c CORRESPONDS TG NO CLUSTERING TRANF k]:}
c TRANF 39
25 SX=X(N) TRANF 40
C #oe THE FOLLOWING STATEMENTS SHOULD APPEAR IN ALL VERSIONS A TRANF 41
S0 SX1=SX-1. TRANF 42
FX=1./SFX TRANF 43
FTHD==SFY®F x*YPHIJ TRANF as
FZ==FX*(SFZ+SFY®YZJ) TRANF 45
1 R(N.M)=AM+Sx*CME TRANF 46
2 XR{(NsI)=TXR=FX/CMB TRANF 47
3 XZ(N+s1)=FZ+TXR®(SX]1*BZM=SX*CZM) TRANF “8
[ XPHT(NsI)=FTHD+TXR® (SX1#BPHIM=SX2CPHI (M)) TRANF 49
165

N B L N D S .
o R R D S TP SO



o~

3000
3010
3020

NSWC/WOL/TR 77-28

TF4 (NyI)=SFXX/SFX

TF6(NsI)3TG6J +(SFIX+SFYX®YZJ)/SFX=BZMCZ/CMB
TEFT(NsI}aSFYX®YPHIJ/SFX=BPMCP/CMR

CONTINUE

RETURN

ENTRY TRANFW

IVERSON=1

WRITE (643000) IVERSON

[F (NSFD «.£60. 0) WRITE (653010

F (NSFD «NE. 0) WRITE (6+3020)

FORMAT (1M0+20Xy*PROGRAM TRANF®,6Xs#VERSION®,14)
FORMAT (11Xy®EQUAL SPACING IN RADIAL DIRECTION®)
FORMAT (11Xs@SF(X) WAS READC IN AS OATA POINTSe)
RETURN

END
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SURROUTINE TRANGI(YYsMyJ) TRANG 2

c TRANG 3
[9 TRANG NEFINES QUANTITIES ASSOCIATED WITH THE CLUSTERING TRANG 4
C TRANSFORMATION IN THE PHI DIRECTION (SFE STATEMENTS ___ TRANG 5
[ 1-6 BELOW),., THE CLUSTERING TRANSFORMATION IS ASSUMED ) TRANG . 6
C IN THE FORM TRANG 7
o] THETA=SG(YYs2Z) WHERE THETA=PHI/PHIOD TRANG 8
(o THE USER CAN SPECIFY THE FUNCTION SG(YYs?) TRANG 9
C THE USER MUST DEFINE AS FUNCTIONS OF (YYsZ) THE FOLLOWING TRANG 10
o SGs SGY» SGZs SGYY, SGY2 TRANG 11
C SEE USERS MANUAL FOR RESTRICTIONS AND INSTRUCTIONS TRANG e
C M IS THE INDEX FOR THE TANGENTTIAL PLANE TRANG 13
[ J=1+2y3 IS A LINE INDEX FOR TRANG QUANTITIES TRANG 14
C TRANG 15
COMMON NCoMC+KyPINFsDINFsPHIOIIDYAW,PTRAD NEWCOM 1
COMMON YZ(3)sYPHI(3)9sC(25)+CZ(25)+CPHI(25) yR(20,25) NEWCOM 2
COMMON 0(20025)vp(20025)OU(EOOZS)!V(ZOQZS)oU(?Oo?S)oASQ(ZOO?S) NEWCOM 3
COMMON CU(4,20425) yCUP (4420,25) NEWCOM [

C sao END OF BLANK COMMON ane CD3CSS 32
COMMON /CTRANG/ NSGD+SGD(25) +SGYD(25) »SGYYD (25) NEWCOM 6

1 +GYMDY»GYYMDY +GYLIPDYGYYIPDY CTRANG 3

2 «MCP NEWCOM 7
COMMON /CBODY/ Z+BZZ+sBPHPHI #BZPHI+TANCODFLZ cBsooy 2

1 +PHI(25),8(25),BZ(2S) +BPHI (25) s COSPHI (25) » SINPHI (25) caooy 3
COMMON /BLK02/ THETAYDYsTG4(3)sTGS(3)sTG6(3) BLKO2 2

1 $X(20)9XZ(20+2)9XR(2092) sXPH1(2042)4Y({25) aLKn2 3

2 2 TF4{2042) 2 TF6(20+2) s TFT(20,2) BLKO02 4

C TRANG 18
(o THIS ROUTINE 1S VERSION 1 OF TRANG CORRESPONDING EITHER TRANG 19
[o TO NO CLUSTERINGs leEos SG(YYysZ)=YY TRANG 20
C OR THE USER HAS READ IN THE PHI™S TRANG 21
o TRANG 22
IF (NSGD «EQ. 0) GO TO 50 TRANG 23

[o TRANG 24
c THE USER READ IN THE PHI"S TRANG 25
(o TRANG 26
IF (M NE. MCP) GO TO 30 TRANG 27
SGY=GY1PDY ¢ SGYY=GYY1PDY $§ SGZ=SGYZ=0. TRANG 28

GO TO 2 TRANG 29

30 IF (M .NEe. 0) GO TO 3S TRANG 30
SGY=GYMDY $ SGYY=GYYMDY $§ SGZ=SGYZ=0. TRANG 31

GO 1O 2 TRANG 32

35 SG=SGD(M) % SGY=SGYD(M) $ SGYY=SGYYD(M) § SGZ=SGYZ=0, TRANG 33

GO 10O 1 TRANG 34

(o TRANG 35
c CORRESPONDS TO NO CLUSTERING TRANG 36
(o TRANG 37
50 SG=YY $ SGY=}., § SGZ=SGYY®=SGYZ=0, TRANG as

o TRANG 39
c L THE FOLLOWING STATEMENTS SHOULD APPFAR IN ALL VERSIONS sas TRANG 40
1 THETA=SG TRANG 41

2 YPHT (J)=1.0/(PHTIO®SGY) TRANG 42

3 YZ(J)==~SGZ/SGY TRANG 43

4 TG4 (J) =S5GY TRANG 44

S TS5 (JY=SGYY/SGY TRANG 45

) T66(J)=SGYZ/SGY - S e TRANG 46
RETURN TRANG 47
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ENTRY TRANGW

IVERSON=1]

WRITE (6+3000) IVERSON

IF (NSGD +EQ., 0) WRITE (6+3010)

IF (NSGD oNE. 0) WRITE (6+3020)

FORMAT (1 H0 920X s ®PROGRAM TRANG®+6X 9 *VERSTON®,14)
FORMAT (11X+#EQUAL SPACING IN TANGENTIAL DIRECTION®)
FORMAT (11Xs#THE PHI®S wERE READ IN AY THE USERe®)
RETURN

ENO

TRANG
TRANG
TRANG
TRANG
TRANG
TRANG
TRANG
TRANG
TRANG
TRANG

48
49
S0
S1
52
53
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57
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SUBROUTINE wALL (MeJRJL +JSGeIFsL)

waLL COMPUTES PREDICTFD OR CORRECTED Z DERIVATIVES OF
Pe V2¢ AND S(ENTROPY) USING CHARACTERISTIC COMP, RELS.
V2 1S VvEL. COMP, TANGENT TO WALL V2=Ve (BPHI/B) oU
V2(J)e SWIJ)s VOWY(J)e AND PWY(J) ARE WALL VALUES OF
VZ2e Se V/¥W, AND P RESP, WHERE J=JR OR UL
JR AND JL ARE LINE IDENT, INDEXES FOR Y DIFFS,
JSG=14243 LINF INDEX FOR TRANG AND BODY PARAMETERS
IF=1+2 LINF INDEX FOR TRANF PARAMETERS
L = 0 CORRESPONDS TO PREDICTOR
= 1 CORRFSPONDS TO CORRECTOR
THIS VFRSION OF WALL CONTAINS SEVFRAL OPTIONS FOR wALL 8.C.
ISWSMO NE 0 MEANS wALL ENTROPY EXTRAPOLATION
MOD1 = 1 MEANS SECOND ORDER ACCURACY
ISWMOD = 0 MEANS MOD 0 FOR wALL B.C.
= 3 MEANS MOD 3 FOR wALL B,.C.
THIS ROUTINE CONTAINS SPECIAL FEATURES AFTER A JUmP
IJUMP] (M) = 0 MEANS NO JUMP ON LINE
TJUMP] (M) NE 0 MEANS JUMP <4AS BEEN CALLED (SEE JUMP)
TJUMP] (M) = 2 MEANS NO SECOND ORDER ACCURACY
AND NO ENTROPY EXTRAP, IF A COMPRESSION JuMP
AND MOD 0 FOR wWALL R.C.

COMMON/RGASS/AXsMX s TXsRRXsGXoNTESTyNGAS¢NFIRST

COMMON NCoeMCoKoPINFosODINFsPHIOWIDYAWLPIZRAD

COMMON YZ(3) o YPHI{3)9C(25) 4CZ(25) +CPHI(P5) +R(20+25)

COMMON D (20425) P (20425) sU(20025) 9V (20+25) oW (20925) +ASQ(20425)
COMMON CU(4420425) +CUP (4+20+25)

oae END OF RLANK COMMON e

1
1
1
1

2

1
1

COMMON /CWALL/ PZ9V2Z3SZsISWMOD4MOD] s NIMPKT yNJMKTCo+KCFLoKFAC
+PZCOR(2%)
COMMON /CBODY/ Z+BZZyBPHPHI +BZPHI»TANCODELZ
«PHI (25) 4B (25)+AZ(25)+BPHI(25) +COSPHT(25) +SINPHI (25)
COMMON /BLXN1/ CZY (31 +CPHIY () oV2(3)1oVONY(3) +PWY () 4SHWY ()
«UNORI(392) sCF(492092)9CG(492043) ¢CE(4s2N,42)
COMMON /BLKN2/ THETA+DY TG4 (3)sTGS(3)+THE(3I)
oX{(20) 9X7(20+2) 9XR(20¢2) o XPHI(2042) ¢Y (25)
2 TF4(2092) s TF6(2002) s TFT(2042)
COMMON /BLKN3/ TCFLA2(3)9A3(3)4A4(3)4A5(3),AT7(3)
s TJUMP (25) s TUUMP] (25) ¢ TUMPKT (25)

COMMON /BLKO&4/ GAMMAsGR4GD+GEsGA2+sDNXeDDYeHOT24ELIMGLCNT . ISWSMN,NA

WSW(25)+6M(20425)

DIMENSION DCGY(4)

BET=RETA

KMOD1=MOD] $§ KSWMOD=ISwMOD

AM=Q (M) § BZMzRZ (M) $ RPHOB=BPHI (M) /BM
YPHTJ=YPHI(USG) $ YZJ=YZ(JSG) $ XRWzXR(1+IF)
UWEZ1{19M) § WWZW(]eM) § PW=P(]eM)
VWay(1eM) $ OWaD(1eM) § ASQW=ASY(LleM)
VORzVW/AM $ VOW=VW/WW § YPOR=YPHIJ/BM
BR=WWSYZ )+ YOH] JeVOR

PXz (P (2.M) =PW)eDDX

NWW=NWeww § ETA=WW#2-ASOW

COUMP= (FTA® (1.,+BPHOB®#2) + (WWeBZM) #0a2) /ASQW
IF (COUMP .GE, 0.) GO TO 1001
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CALL DMPSQRT (4HWALLsleZeKoMs]leCIOUMD)

RETA=SQRT (COUMP)

ALAMZASOW® (RETA-BZM)/ETA $ DUMG=VWeRPHOR® W
AAX=UNOR(2+.TF)eDNX § DSY=(SWY (JR)=SWwY(JL))eDDY
V2Y= (V2 (JRY=V2(JL))*DOY

IF (TJUMPLl (M) FQ, 0) GO TO 20

IF (IJUMP1l (M) [FQ. 2) GO TO 1S

IF (L «EQ. 1) 6O TO 10

IF (1JOMPL (M) (NF, 3) GO TO 210

IF (LTJMPKT (M) ,GT, NJUMPKT) GO T9 230
IFAC=NJUMPKT

G0 TN 215

IF (TJUMPKT (M} ,GT. NJMKTC) GO TO 230
TFAC=NJUMKTC

IF (ICFL®KCFL .NE, 0) GO TO 215

TJMOKT (M) =] JMPKT (M) +KFAC $ GO TO 10
TUMPKT (M) =[JMPKT (M)+1 & GO TO 10

IJUMPL (M)=2 & TUMPKT(M)=0 $ GO TO 15
FAC=FLOAT(IJMPKT (M) =1) /FLOAT(IFAC)

PX=FAC®*PX § AAX=FAC®AAX

MON1=0 § ISwMON=0

CONTINUE

IF (ISwMOD LEQ, 3) GO TO 25
NDVONY=(VOWY (UR) =VOWY (JL) ) ®DDY $ PY= (PWY(JR)=-PWY(JL))*DDY
DUMM= (BZM/BM+YPOR®DVOWY ) ¢WW $§ DUM=BB*WW/ASQW~-YZJ
P223= (ALAM®NUM+RZM#YZ J+ YPOR#*BPHOB) #PY
1 ~DWW* (BA® (A5 (JSG) +VOW®A3I(JSG))

2 <ALAM® (NUMMS (TF6 (1 +IF)=TG6(JSG) ) *WWeVORETFT (1+1IF)))

V2Z23=(BB®* (V2Y=UW#AI (JUSG) ) +YPOR®PY/DW) /WW

GO TO S0

TGSJ=TG5(JSG)

DO 40 I=1l+4

DCGY(I)={CG(IelsJRI=CG(IslsJL))@DDY

CONTINUE

CEI=DW® (UW/RM+TGSJRRAB+TFA (1 +IF) ®WWeTF7(191IF)®VOR)
NUMLI=(TARSJEYZJ+TGOH(JUSG) I #PW S DUM2= (TGSUTYPHIJ+APHOB) *PwW/BM
QSI=WNWRE2eVWaaDe W 82

DUMI=UwaDCSY (3) ~QSQADCGY (1) ¢WW2 (DCGY (2) ¢DUML) +VW® (DCGY (4) +NUM2)

son THE EQUATION FOR XK1 IS VALID FOR PERFECT GAS ONLY sae

50

S0

XK 1z=DW/(ASQWSGR)

IFINTEST.GE.0)G0O TO 60

DX=1.025%Dw

CALL RGAS(PWeDXsDUMMY,44)

HXl=HX

NX=,975e0W

CALL RGAS(PWDXDUMMY,,4)

XN 1=,089DW/ (HX]=HX)

CONT INUE

PZ23=ALAM®AW® (CE]1+2.,°0CGY (1) +XK12DUM3/DW)

1 +(BZM=ALAM) ®* (DCGY (2)+DUM]1) =DCGY (3) +BPHOB®* (DCGY (4) *DUM2)
V2Z223= (RPHOR®DCGY (3) =DUMGBDCGY (1) +DCGY (4) +OUM2) /DWW
PZ=ALAM*XRWEP X« (DWW® (ALAMPAAX=WWSAT (JSH)

1 ~VW®A4 (JSG) «DUME®VOW/RM) +PZ23) /RFTA
V2Z=)W®A4 (JSG) ~VOR®RZM-VRZ2]

IF (MOD1 JNF. 1) GO TO 90
IF (L +EQ. 1) GO TO 80
PXX3(2,%P (2.M)~P (34M)=pPW)*DDX
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AAXX=(2,®UNNR(2+IF)=UNOR(34IF))aDNDX

PZCOR (M) =ALAMS® (XAWEP XX -DWWHAAXX RETA)

50 Y0 Q¢

PZ=0Z2¢P7COR (M)

IF (M <GT. ISWSMO) GO TO 100 >
CALL RGAS(P(3+4M)sD(3+M)+SWIs4)

CALL RGAS(PI24sM)sD(29M) 4SWH244)
SZ=2,09SW2-SW3 € IF (SwZ +LTe SW3) S2=,5%(Sw2¢Sw3) & GO TO 125
SZ==BR*DSY/wW

CONT INUF

PZ=0Z/Pw

MON1=KMOD]l § [SWMOD=KSwWMOD

IF (TJUMP (M) EQs 1] «ANDe L EQ, 0) PZ=n,
RETA=BET

RETURN

END
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SUHROUTINE SHOCK(MsJUR s JL 9 JSGeIFF,L) SHOCK 2
c SHOCK COMPUTFS PREDICTED OR CORRECTED 7 DERIVATIVES OF CoC2s SHOCK 3 1

c AND CPHI. JR AND JL ARE LINE INDEXES FOR Y DIFFS, SHOCK 4

(o JSG=1+2¢3s LINE INDEX FOR TRANG QUANTITIFS SHOCK 5

c IFF=1+2 LLINE [NDEX FOR CF AND CE AREAYS SHOCK 6

c L=0 CORRESPINDS TO PRENICTOR SHOCK 7

c L=l CORRESPNNDS TO CORRECTOR SHOCK 8

c THIS VERSIOM ~ap SECOND ORDER DIFFERFNCING SHOCK 9

COMMON NC o K PINFoDINFoPHIOIOYAWPIJRAD NEWCOM 1

COMMON YZ(3)4YPHL(3)+C(25)4CZ(25)9CPHI(25) 4R(20425) NEWCOM 2

COMMON N(2N.29) +P(20925)9U(20025)9V(20¢25)4W(20+25)9+ASQ(20,25) NEWCOM 3

COMMON CU(4420425) sCUP (44+20+25) NEWCOM 4

c (L2 END OF RLANK COMMON sew CD3CSS 32

COMMON /CSHOCK/ DCZ+sDCZZ+DCPHZ +PDIF+SPDIF+DINXGDIINFD2INF CSHOCK 2

1 WUZCNR(4425) CSHOCK 3

COMMON /CBODY/ Z+RZZ+BPHPHI+BZPHI s TANCO,0FL2Z CRONY 2

1 WPHI(25) «B(25)+BZ(25) +8PHI(25) +COSPHI (25) s SINPHI (25) CBODY 3

COMMON /BLKNL/ C2Y(3)+CPHIY(3)4V2(3)sVOWY(3)sPWY(3)eSWY(3) BLKO1 2

1 WUNOR (3¢7) o CF{8420+2)sCG(4420+3)+CE(4470,2) BLKO1 3

COMMON /BLKN&/ GAMMA3GReGDsGE+GA29sDDXsDDYsHOT2,ELIMsLCNT ISWSMOsNA BLKOS 2

1 «SW{25) «GM(2N1425) BLKO& 3

COMMON/RGASS/AX sHX s TXsRRXsGXsNTEST+NGASINFIRST SHOCK 11

DIMENSTION DCUZ (8) yCUZCOR(S) SHOCK 12

DATA(ISCINEG=1) SHOCK 13

CM=C (M) § CPHIM=CPHI(M) $§ CIZIM=CZ(M) € CPHIC=CPHIM/CM SHOCK is

. CMU1=],+CPHIC®#2 § CMU2=CMUl+CZIM®e2 SHOCK 15

YPHIJ2YPHI(JSG) § YZJUaYZ(JSG) SHOCK 16

’ USSUINCeM) 9SPDIF $ WSIW(NC+M)®SPDIF § PS=P(NCoM) /PINF SHOCK 17

VSaVINCM)*SPOIF $ SDS=DI(NCM)/DINF $& ASQS=ASQ(NC.M)/PODIF SHOCK 18

WS2zWS*WS § ETA=WS2-ASQS SHOCK 19

UV2US=CPHICeVS Dume 37

‘ COUMP= (ETA®~MU]l+UV®#2) /ASQS DumP 38

: IF (COUMP .GF. 0.} GO TO 1001 DuMP 39

' CALL OMPSGRT (SHSHOCKs13Z+KeMsNCyCOUMP] pumP 40

1001 RETT=SQRT (CHuMP) ) pume 41 i

ALAMZ=ASQSe (RETTeWSsUV) /ETA SHOCK 21

IFU..EQ. 1} &0 TH 20 SHOCK 22

DO 10 I=1+a SHOCK 23

CUZCOR(I) =2, SHOCK 26

10 UZCOR(T+M)YICFIIeNCoIFF)«CF(TsNC=29TFF)«2.2CF(14NAVIFF) SHOCK 25

GO 10 30 SHOCK 26

20 DO 25 I=zles SHOCK 27

25 CHUZCOR(I)=U7COR( LM} SHOCK 28

30 DO 35 I=lss SHOCK 29

35 DCUZ(1)=((CF(T4NCyIFF)=CF(I+NAZIFF)+CUZCOR(I))*NDX SHOCK 30

N 1 ¢(CB(TeNCoUR)=CGIT+NCaJLII®DOY+CE(TINCIIFF))/PINF SHOCK 3l

DCUZ (1) =NCU7 (1) /SPNIF SHOCK 32

C ®ee THE EQUATION FNR XK1 [S VALID FOR PERFECTS GAS ONLY ®ee SHOCK 33

s AK12=0S/(~505%GR) SHOCK 3s

t IF(NTEST.GE.N)IGO TO 60 SHOCK 35

- PX=DINF #PS SHOCK 36

' DX=1,025905*DINF SHOCK a7

K CALL RGAS(PX 40X sDUMMY ¢4) SHOCK 38

e HX1=rX SHOCK 39

' NX=2,97SeDSanNNF SHOCK 40

v CALL RGAS P NXDUMMY 44) SHOCK [}

XK1=,0658DS/ (HK] =HX) $PINF/DINF SHOCK 42
fa2
.
3
[.
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CONTINUF

PUMLIEXK1/0S $ NUM=DUM]2ALAM
RHS2 (24 ®ALAM=DUM® (WS2eUSP#2+VS®#2) ) 8DCUZ (1) + (UV-ALAMSDUMOWS2)
1 #NCUZ(2) /4S+ (DUMSUS =1.)*DCUZ(3)« (CPHIC+DUM®VS)*DCUZ(4)
YNIOMU= (DINY®CZMeDL INF® (COSPHI (M) ¢+ SINPHT (M) #CPHIC) ) 7/CMU2
1 +D2INF® (SINPHI (M) =COSPHI (M} 2CPHIC) /CMU?

DS2=DS*e2 § XMNSQ= (CMU29VNIOMURS2) / (ASNS*NS2)

NUM2=zY 4 «1,./NS

AOSOUM2® (], + XMNSQeXK1# (PS=1,1/D0%2)/(1+=XMNSQ)
DUMIZDINX-C7MeyNIOMUY

AISQETTaYNINMU® (AQeDUM2) +DS*OUM3I®AN

DUM4&z (PS=1,)/CMU2

Cl=DUM3I*A]=DUM4*CMU]

C2=(VS=CPHIC®VNIOMU/DS) #AT+CZM*CPHIC#DUMS

RHG]1TAHG = (A[=DS*WS) # (VS+CPHIC®US) #YZJ/YPHIUJ

IF(ISCINEG.FQ.1) GO TO 40

IF(C1®C10LD.GT,0,.) GO TO 40

WRITF (641000) CloeL oMok

FORMAT (1HO+®IN SUBROUTINE SHOCK C1 =®41PF15.6+2Xs#LsMsK =8,315)
CALL SAVE (DUM<DUM¢DUM)

Ccl1oLD=C)

ISCINEG=0

DCZ3CIM-CPHIMNOYZ J/YPHIY

DCPHZ= (YPHMIU® (CZY (JR)=CZY(JL) ) =YZJ# (CPHIY (JUR)=CPHIY (JL)))*0DY
0CZZ2=(RMS]=C2% (DCPHZ=CPHIC®DCZ) /CM) /C1

RETURN

END
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SUBROUTINE INTEG(IFLAG)

INTEG INTEGRATES THE wALL PRESSURE TO OBTAIN THE

FORCES AND MOMENTS (AROUT ORIGIN) AND THFIR Z NERIVATIVES,
THIS ROQUTINE USED SIMPSON"S RULE FOR PHI INTEGRATION

AND TRAPEZNIDAL RULE FOR Z INTEGRATION,

COMMON NCoMC oK s PINF ¢DINF «PHIO»IDYAWSPI +RAD
COMMON YZ(3) 4 YPHI(3)sC(25)sCZ125)sCPHI(25)+R(20425)
COMMON DI(20+25) P (20025) sV (20925) 9V (20+25)ew(20+25)+ASQ(20425)
COMMON CU(4420425)9sCUP (4920425)
see END OF RLANK COMMON *ne
COMMON /CINTEG/ FNusFY o FAsMX oMY qUZsFNZsFYZoFAZIMXZyMYZyMZZ
1 sOYO3eMALGY (25)
REAL MX o MY sMZsMXZsMYZMZ2Z
COMMON /CBONY/ 2+822+8PHPHI+BZPHI+TANCO,DELZ
1 oPHI(25) 4B (25) +BZ(25) +BPHI(25) +COSPHI (25) + SINPHI (25)

DIMENSION SUMJ(6+2) 9SF(6)eSF1(6)+SF2(6)4F(6)
IF (IDYAW +EQe 1) GO TO 300
[T SIMPSON®S RULE FOR SYMMETRY CASE (PHI0=180) b bated
SUMJ(191)3SUMJI(2+1)=SUMJI(3+1)=SUMI(192)=SUMJI(2,42)=5UMI(302)=0.
Kl=1
DO 200 M=1,MA
BM=8(M) $§ BPHIB=BPHI (M)/8M
DUM=224® (P (1M} ~PINF ) *BM*PHIO#GY (M)
SINP=SINPHI (M) S COSP=COSPHI (M)
SF (1) 3DUM* (COSP+BPHIB#SINP)
SF(3)aDUM®BZ (M) $ DUM1I=SF (3)*BM
SF (2)=DUM1*COSP
IF (M .NE. 2) GO TO 125
SF1(1)=SUMJ(1+1) 8 SF1(2)=SUMJ(2s]1) & SF1(3)=2SUMI(3.1)

125 N0 150 I=1.3
150 SUMJ(T K1) =SUMJY LT oK) +SF(])

Kl1=3=K1]

200 CONTINUF

SF2(1)=2=2.2(P 1 +MC)=PINF) ®B(MC)SPHIN®*GY (MC)
SF2(3)==SF2(]1)eRZ2(MC)

SF2(2)==SF2(3)#8(MNC)

DO 250 I=1.3

FUI)=0YD3® (4,2SUMU(T92)¢2.%SUMJI(Ts 1))

IF (X1 ,EQ. 1) GO TO 225

F(I)=F (1) +eDYD3*(.59SF(1)=SF1(I)e1+505F2(I))
GO 10 250

225 F(I)=F (1) +DYDI*(SF2(I)-SF1 (1))
250 CONTINUE

50 TO 600
sae SIMPSON"S RULE FOR NON=SYMMETRIC CASE (PHI0=360) see

300 DO 325 =14k

SUMJI(T+1)=0, $ SUMU(I,2)=20,

325 CONTINUE

Kl=1

DO K00 M=].mA

AM=3 (M) § BPHIB=BPHI (M) /BM
DUM= (P (1 +M) =P INF) *BMEPHIQSGY (M)
SINP=SINPHI (M) § COSP=COSPHI (M)
SF(1)30UM® (COSP+BPHIB®SINP)}
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SF(3)=DUM#B7 (M) $ DUM1=SF(3)e8M
SF(2)=DUM12C0OSP $ SF(4)=DUM]leSTINP
SF(5)=DUM® (RPHIB®COSP~SINP)

SF (/) =DUM*5M*BPHIB

IF (M ,NE. ?) GO TO 375

DO 350 I=1l+6

SF1(I)=SUMJ(Ts1) $ SF2(I)=SF(I])
CONTINUE

DO 400 I=1.k

SUMJ(T oK1 =SUMJ(T9X1) eSF(])
Kl=3=K]

CONTINUE

00 825 I=1+6

FOI1=DYD3#(44*SUMJ(TI+2)+2.%SUMJI(141))

IF (K1 .,EQ. 1) GO TO 525

FUI)=F(])eDYD3®(4,*SF1(I)=SF2(1)=2,8SF (1))

CONTINUE

Fl2)=F(2)+Z2F (1)

IF (IDYAW .EQ. 0) GO TO 625
Fla)=F(a)=Z2F(5) 8§ F(6)==F(6)
IF (IFLAG .EQe 0) GO TO 700
HH= (Z=2ZP) /2,
FN=FNeHH® (F (1) +FNZ)
MY=MYeHH® (F (2) +MYZ)
FASFA*HH® (F (3) ¢FAZ)

IF (IDYAW .EQ. 0) GO TO 700
MXZMAeHH® (F (&) +MXZ)
FYZFY+HH® (F (S) +FY2Z)
MZ=MZoHH® (F (6) +MZ2Z)

IP=2

FNZ=F (1) $ MYZ=F(2) $ FAZ=F(3)
IF (IDYAW .EQ. 0) GO TO 800
MXZ=F (&) $ FYZ=F(S) § MZZI=F (&)
RETURN

END
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SUBROUTINE INTRPL(LsXsYsNeXXsYY)

THIS IS A LINEAR INTERPOLATION ROUTINE., THE DATA IN THE X AND
XX ARRAYS ARE ASSUMED TO BE INCREASING AND NO CHECKING IS DONE.

DIMENSTON X (L) oY LL) o XX IN) oYY (N)
Mz 2

DO 200 T=l.N

00 100 JsM.L

IF (XXU{1) «LE. X(J)) GO TO 150
CONTINUE

J=L

M=

YY LTI =Y (J=1) s (Y L) =Y (J=1) ) S (XX (TY =X (J=1)) /(X (J) =X {J=1))
CONTINUE

RETURN

END
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SUBROUTINE REZONE (NCNEWsMCNEWsROLD+PHIOLD+DCUB,
DARR1+DARR2+DARR3IsDARR& ¢NDIMMDIM)

REZONE TAKES THE INITIAL DATA AND REZONES THE MESH

COMMON NCMCoK 4 PINF4DINFsPHIOsIDYAW4PI4RAD
COMMON YZ(3),YPHI(3)sC(25)+CZ(25) +CPHI(25)4,R(20,25)

COMMON D(20425) sP(20925) sU(20425) 9V (20425)+W(20+25) 4ASN(20,25)

COMMON CU{44+20425)9CUP{4+20+25)

b END OF RLANK COMMON LA

1

1

2

20
25

S0

75

80

85

100

COMMON /CBODY/ ZyBZZ+BPHPHIsBZPHIsTANCO.,DELZ

+PHI(25) 4B (25)+BZ(25) +BPHI(25) sCOSPHI(25) s SINPHI (25)
COMMCN /BLK02/ THETA+DY+sTGA(3)+TGS(3)eTGH(3)

1 X(20) 9 XZ2(2002)9XR(2092) o XPHI(20+2)4Y(25}

1y TFa (200219 TF6(20+2) 9 TFT(204+2)

OIMENSION ROLD(NDIMsMDIM) sDCUB(NDIMsMDIMs4) 4DARRAS (NDIM)
DIMENSION PHIOLD(MDIM) 4DARRL (MDIM) sDARRZ2 (MDIM) yDARR3(MDIM)

NOTE THAT THE WAY DOCUB IS USED IN THIS ROUTINE
REQUIRES THAT DsPsUsV ARE CONSECUTIVE IN COMMON

HCOLD=NC § MCOLD=MC $ NC=NCNEW $ MC=MCNEW
S30TeNC-1 S DOY=MC~-1

DS =3 H=Y+MCOLD

PHIGLL «<"3=PH] (M)

DO 20 N=z.:COLD

ROLD (NgsM) =R 13!, 0}

CONTINUE

CONTINUE

DO S0 N=1sNC

X{N)=(N=1)/DDX T v —
CONTINUE

DO 75 M=z1+MC

Y{My=(M=1)/NDY

CALL TRANG(Y(M)sMs1l) $ PHI(M)=THETARuIQ
COSPHI{(M)=COS(PHI(M)) & SINPHI(M)SSIN(PH' (1)
CALL BODY (M)

CONTINUE

CALL INTRPL(MCOLDPHIOLDsC sMCsPHI+DARRI])
CALL INTRPL(MCOLDsPHIOLDsCZ +MCyPHI'DARR2)
CALL INTRPL(MCOLDsPHIOLDsCPHIYMCyPHIDARRYI)
DO 80 M=x1.MC

C(M)=DARR1 (M)

CZ(M)=DARR2 (M)

CPHI (M) 2DARA3 (M)

CONTINUE

DO 85 M=zl MC

CALL TRANF (Msl,1)

CONTINUE

DO 225 N=21sNCOLD

00 100 M=1+MCOLD

DARR]I (M) =ROLD (NsM)

CONTINUE

CALL INTRPL(MCOLD+PHIOLD+DARR] yMCsPHIWDARFRD2)
DO 125 M=],MC

ROLN(N+M)=DARR2 (M)
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REZONE
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REZONE
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REZONE
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REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
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125 CONTINUE

REZONE 50
00 200 I=1l.4 REZONE 51
DO 150 M=z].MCOLD REZONE 52
DARRI (M) aDCUB(NyM, ) REZONE 53
150 CONTINUE REZONE 54
CALL INYRPL(MCOLD.PHIOLD.DARRI.MC-PHI-DARR?) REZONE 55
D0 175 M=].MC REZONE 56
DCUR(NsMy 1) =DARR2 (M) REZONE 57
175 COMTINUE REZONE 58
200 CONTIMUE REZONE 56
225 CONTINUE REZONE 60
D0 300 I=1.4 REZONE 61
DO 275 M=) ,MC : REZONE 62
CALL INTRPL(NCOLD'ROLD(I-M)-DCUB(!.MvI).NC'R(loM)oDARRb) REZONE 63
D0 250 N=l,NC REZONE 64
DCUB(NyMy 1) =DARRA (N) REZONE 65
250 CONTINUE REZONE 66
275 CONTINUE REZONE 67
300 CONTINUE REZONE 68
RETURN REZONE 69
END REZONE 70
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SUBPOUTINE OGAS(PXsRXsSXsNUMX)
CRGASR  WALXKER TEMP CONVERTED TO RANKINE
COMHON/RGASSIAXvHX-YX.QRXvGXoNTEST.NGAS-NFIDST
DIMFENSION YH(S.SOO)oNDL(ﬁoll)oNDU(A-ll)vAN(A)vC(T)oANR(lT).BN(«)
COMMON/CSERCH/F.THS(GOO)-NLvNUoMOUToNER
CO"‘F‘ON/QAVPG/FO'pOOanuEvFMoNDLiNDUoNIDLvTHopTOvSQPOROOCAXQCHX
DIMENSINN MIDL(6411)y SAVFO (&)
DATA IFQ /0/
CeeaesTHE ARRAYS NDL AND NDU MUST BE STORPED IN ADJACENT (LOCATIONS,
C
C
P=pYx
S=Sx
R=RY
NUM=NUMX
NUME=NUM=§
IF(NFIRST=NGAS) 10494510
10 NFIRST=NGAS
IF(NTEST)74194.19
CeesselLOAD PERFECT GAS CONSTANTS.
19 AMR(1)=QRX o T
ANR (2)=GX
ANR (3)=ANR{1)/ (ANR(2)=1.)
ANR {4)=ANR (1) »ANR(3)
ANR (85)=1,/ANR(2)
ANR (/) =ANR(4) ZANR(])
S mame i) 2ANR(2)
AMR(8)=4900A.609=~ANR (3} *ALOG(171.6/.0001%2ANR(?))
GO TO 8
CoeewesLOAN REAL GAS CONSTANTS.
7 CONTINUE
CALL LOCATE{NGAS+9)
REAG (9) (NDLUIN) 4N=1+89)

NMM=NDL (89)
REAN(9) (THIN) ¢NZ] o NMM) ¢y WTMIX s (C(N) yN=1,47)
QEWIND ©

DO 115 N=l.44

115 MIDL (N}=I(NDL (N)+NDU(N)) /2
NDUMX=NDU (44)
DO 120 N=1,.NDUMX

120 THS(N)=TH{SN)
F=0,
00 21 Nl=1l,4
ML=NDL (N1+1)
NU=NDU (M1 1)
NER=MIDL (N1,1)
CALL SERCH

21 SAVFO(N1)=TH(]1a.NOUT)
CONCz=WTMIX/28.964
PN=p116.
RPO=,0026982CONC
RRR=1T714&./CNNC
RAX=RAR
PTO=RRR8493,635
SAPORO=SQART (RO/PO)
B=TH (NMM=2)
E=TY (NMM~])
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N=TH (NMM)
FM=2,1632+.3468*%CONC
Adz=neFM
RAzFeFMe ],
CCCaReFM
RLAST=0,0
RSTART=100.0
22=R0/10.%27
PR=-7,+R
PR=PN®]10,2¢PR
Z1=PR
1F0=IFO0+1}
Fz=0,0
00 23 Nl1=l.4
23 BN(NL1)=SAVFO(N])
BN(1)=BN(1) 7SQPORO
AN(2)3AN(2) *RTO
AN(3)38BN(3)*] .8
AN (4)=BN(4)@RRR
ANR (9)=PR/ (72¢AN(3))
RRX=ANR (9)
ANR (12)=BN(2) /RN(3)
ANR(10)=1.+ANR(9)/(ANR(12)=ANR(9))
ANR(11)=ANR(12)/ANR(10)
ANR (13)=1./ANR(10)
ANR (14)=ANR(12)/ANR(9)
4 ANR (16)=BN(4)=aANR(11)*ALOG(Z1/Z2%*ANR(10))
ANR(17)=AN(1)®BN(1)*Z2/21
CHX=ANR (14)
CAX=ANR(17)
9 IF(NTEST)164+8+8
Ceoess CALCULATE F AND NR, INITIALIZE CONTROL INTEGERS
15 PzALOG(P/PO)/2,302585]
IF (NUMS) 404231470
31 REAL=S/RRR
GG= (REAL=C(1)=C(2)*P)/(C(3)+P®(C(4)+PC(5)))
R=C (/) 2GG+C(T) P
PER=ABS ((RSTART=R) /R)
RSTART=R
IF(PER.LLT.0,1) R=RLAST
RL=P=R
cc=ccec-P
ARM==CC*(1.+AA®CC/ (BB*BR) ) /BB+.005
IF (AHLTe=T,) RH2=T,0
IF(R,LT.RH) RaRH
A IF(RL.GTe340) RL=3.0
IF(OL.LT.R) R=RL
A1 NUMAR=0
t NIMx=0
f NUMM=5
NUMMOP XNUMM<9 e NUM
NBOT=4
P NUP=4&
: GO TO &2
: 40 Rz=ALOG(R/R0)/2,3025851
NUMMZS
NUMMGP 2NUMM < Q + NUM

-
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NUP =NUM
NROT=1
42 CONTINUE
IF (R) 1112413
11 NR=R=1,0
IF(MRWLTe=7) NR=z=7
GO TO 1%
12 NR==-1.0
GO TO 158
13 NR=R
IF(NR.GTL2) NR=2
15 DXz0=FLOAY (MR)
NR=*R+8
F=(P=R=R)/(],+R*(E+D*R))
IF(F) 15841604160
158 IF(F.GT.=1.0E=-08) F=0.0
160 CONTINUE

IF (NUMMGP) 22,162,422
162 IF(F=.000001) 27+161+161
161 IF(FMJLTF) GO TO 44

22 DO 17 N1=NROT,NUP
NL=NDL (N1 sNR}
, NU=NDU (N1 sNR)
] NER=MIDL (N1 +NR)
. CALL SERCH
Y1=TH(1+NOUT) +F# (TH(2sNOUT) oF# (TH(34NOUT) +FoTH (4 NOUT) ) )
NL=NDL (N1sNR41)
NU=NDU (N] 9NR+ 1)
NER=MIDL (N14NRe1)
CALL SERCH
Y2=THI1sNOUT) «F# (TH(2sNOUT) +F* (TH(3,NOUT) +F#TH (4 +NOUT) ) )
AN(N1)=Y1+DX®(Y2~Y1])
17 CONTINUE
IF (NUMS) 51,52,52
52 IF (NUMMAP) 139,108,39
108 RX=PO®]10,%*R
S1 GO TO (121+1122+123512644124) 4NUM
CeeoesNORMALIZE FINAL QUANTITIES.
124 SX=aN(4)*RRR
123 TX=AN(3)%1.A
E 122 HX=AN(2)#RTO
;
%
E

-

121 AX=aN(1)/SQPORO
GO 70 109
CooeasENTROPY INTERATION
39 DIFF=ABS({(RFAL=AN(NUP))/REAL)
IF(NIFF=40001) 37+37+38
;- c NUMMOP =NUMM=9 s NUM=0
A 37 NUMM9P=0
NUMM=2G«NUM
NROT=1
: NUP=1
AN (a) =REAL
RLAST=R
GO TO 42
38 NUMA=NUMB ]

(
]
]
!
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C IF (NUMM=Q+NUM) 22,162,22 emmmancce=]F (NUMMIP)

CueeveeSEARCH FOR CORRECT COEFFICIENTS AND CALCULATE DESIRED PROPFRTIES.
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NIMx=NIMXel]
IFINIMX,GT.20) GO TO 44
IF (NUMR=2) R2+R3+84
IF(QEAL=-ANI(NUPI) BS54+37.86
QRli=R

St=aN(NUP)

R=Re+,.3

IF(RL.LTR) R=RL

R=R

L=0

GO TO 42

R2=R

S2x AN (NUYP)

A=R=,3

IF(RLT,RH) R=RH

R1=R

L=1

GO TO 42

IF(L) 91990,91

S2=AN (NUP)

R=Rkp

IF(S1,NE.S2) RzR2-(S2-REAL) /7 (52-S1) #(R2=R1)
IF (RLLLT«R) R=RL

GO TO 93

S1=AN(NUP)

Rz (REAL=S1)/(S2=S1) #(R2=-R1)+R1
IF(R.LT.RH) R=RH
[F(R2=R) 104+37+105
NUMAR=1

R1=R2

S1=52

L=0

IF(R2+,3=RL) 210+211+211
R2=RL

R=R2

GO TO 47

R2=R2+.3

R=R?

GO TO &2

IF(R=-R1) 106¢37+42
NUMAa=z]

R2=R1

$2=S51

L=1

IF(RH=R1%.3) 212+213+213
R1=RH

R=RY

GO TO 42

R1zR1~.3

R=R]

GO TO 42

IF (REAL-AN(NUP)) 87+87.88
R1=R

G0 TO 91

R2=R

GO TO 9n

[F(F=,000001) 27,4b64s4468

= -
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CeeeesesOUTSIDE GAS TAR'ES.
444 NTIMES=NTIVES+)
WRITE(6,190)
190 FORMAT(1HO0+10X436HOUTSIDE TABLES IN RGAS FNTERING WITH)
WRITE(64191) PX
191 FORMAT(11Xs2HP=4¢E13,6)
IF (INUMS) 19241934193
192 CONTINUFE
WRITE(64194) RX
194 FORMAT(11X+2HR=E13,6)
GO TO 196
193 CONTINUE
WRITE(64195) SX
195 FORMAT(11X9e2HS=9E13.6)
196 IF(NTIMES=10) 109+197+197
197 CONTINUE
WRITE(64198)
198 FORMAT{20X¢2B8HEXIT CALLED ON TENTH FAILURF)
GO TO 2S5
T0 Z=Z#SQRT(=1,0!}
25 CALL EXIT
CeeeesREAL GAS BUT BELOW GAS TABLES.
27 L=8
p=PX
R=RX
Ll=9
y GO TO 26
CeeoesPERFECT GAS
! 8 L=0
L1=2
26 CONTINUE
IF (NUMS) 440,69,70
440 QUOT=P/R
GO TO (65+66967+68969) yNUM
69 EX=S=ANR(L+A)
EX=EXP(EX/ANR (L +3))
R=(P/EX)®BANR (L +5)
QUOT=P/R
GO TO 67
68 SIANR(L+8)+ANR(L*3)*(ALOG(P)=ANR(L+2)%ALOG(R))
67 T=QUOT/ANR(Le1)
66 H=QUOTSANR (L +6)
65 LL=L+L1
A=SART (ANR(LL)*=QUOT)
30 Ax=A
HX=H
% TX=T
: SX=§
RX=R
A 109 CONTINUE
RETURN
END

-,

»

Rlind

183

RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS
RGAS

230
231
232
233
23«
235
2136
237
238
239
240
24l
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
2567
258
259
260
261
262
263
264
265
2h5
267
268
269
270
271
2re
2713
274
275
27+
277
278
279
280
281




11

12
13

15

158
160
161

27

29

&b
190

;3 .
¥ .

gy

5
3

‘
..
L
B
&

NSWC/WOL/TR 77-28

SUBPOUTINE HRGASIPXyRX<QXoN])

NIMENSTION NNL(4411) oNDUCG91]1) oMINL(4911)9TH(S+600)
COMMON/SAVRA/PNGROWBIDE s FMoNDL sNDUGMIDL 9 THeRTO+SQPOROWCAX 4 CHX
COMMON/QGASS/AX s HX s TXsARX¢eGXsNTEST «NGAS
COMMON/CSERCH/F + THS (600) o NL ¢ NUSNOUT o NER
P=AIL0G(PX/PN)/2.,3025851
R=ALQ0G(RAX/R0N)/2,302585]1

[F(R)11,12¢13

NR=R=1,0n

IF(NR LT.~TINRa=T7

GO TO 18

NR=-1,

60 70 1S

NR=zR

IF{MR,GT,2INR=?2

0X=P=FLOAT (NR)

NR=NRe8

FZ(P=R=B)/(1.+R®(E+D*R))

ENTRY ARGAS

IF(FI1SA.160s160

TIF(FeGTa=1eNE=08)F=0.0
IFIF=-,000001)27+161+161

IF(FMT,FIGD TO a&

NL =NDL (N1 oNR)

NU=NDU (N1 oNR)

NERzMIDL (N1 +NR)

CALL SERCH

Y1=TH (] «NOUT) ¢F® (TH(2+NOUT) +F®(TH(INOUT) ¢«F#TH(44sNOUT)))
NL=NDL (N1 +NR+ 1)

NU=NDU (N1 sNR+ 1)

NER=MIDL (N1eNR+1)

CALL SERCH

Y22TH (1 +NOUT) +F# (TH{2sNOUT) «F®(TH{3I4NOUT) +FeTH (49NOUT)))
HX=RTOe® (Y1+NX®(Y2=Y]))

IF(M1.EQe2) RETURN

QX=HX/ {RTO®SQPORO)

NX=0X*QX

RETHIRN

IF(NL1.EQ.1)GRO TO 28

HX=CHX®PX/RX

RETURN

NX=CAXepx/RX

RFTURN

WRITE(A,.190)

FOPMAT (1H1+20UTSIDE GAS TABLES®)

STOP

END
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SURRQUTINE SERCH SERCH 2
COMMON/CSERCH/X+Q(600) ¢NLsNUSNOUT#sNFR SERCH 3
NOUT=T0000 SERCH [y
IF(X.GE.Q(NFR)) NL=NER SERCH S
DO 10 T=NL.NU SERCH 6
IF(X.LT.Q(I)) RETURN SERCH 7
NOUT=1 SERCH 8
10 CONTINUE SERCH 9
RETURN SERCH 10
END SERCH 11
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SUBPOUTINE LOCATE (NF oNT) LOCATE 2
[of LOCATE 3
C NF IS THE NUMSER OF THE FILE LOCATE “
C NT IS THE NUMRER OF THE TAPE LOCATE E)
c LOCATE 6
REWIND NT LOCATE 7
IF (NF LE. 1) GO TO 999 LOCATE 8
[F=nF~] LOCATE 9
Do S50 I=l.1F LOCATE 10
25 @FEAan (NT) Dum LOCATE 11
IF (EQF(NT)) 50.25 LOCATE 12
S0 CONTINUE LOCATE 13
999 RETURN LOCATE 14
END LOCATE 15
¢
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SUBROUTINE SHFAX (T +NDIMyMDIMsHNyUNsVNIWNsPNyDNsCPPyCZ0sCONsCNoCNOs SHFAX

1 CPHIO)

THIS ROUTINE SHIFTS 2 AXES BY A PARALLEL DISPLACEMENT OF ZAS

COMMON NCoMC oK¢PINF+DINFsPHINSIDYAW P sRAD
COMMON YZ(3) s YPHI(3)eCUL25)4CZ(25) «CPHL (P51 4R(20425)

COMMON D(Z20425) 4P (20925)¢U(20925) 0V (20025)4W(20+25)9+A5Q0(20,25)

COMMON CUI(4,20425)9CUP(44+20+25)
eaa END OF ALANK COMMON eaae

COMMON /CBENT/ 78BB(25) «ALNSsDSTeAUQNIBFTA9RSNyCENUF 4DELTIZNELTA

1 sCOSBNGELSQ ZMAXSYPID2 s TANBN IBNoHN THF TABN

COMMON /CBODY/ Z4BZZ4BPHPHI «RZPHI s TANCOSDFLZ

1 sPHRI(25) 4R (25) sRZ{ZS) 4BPHI(25) 2+ COSPHI (25) +SINPHI (25}
COMMON /CINTEG/ FNoFYoFAsMX oMY g MZoFNZsFYZsFAZyMXZ9aMYZIMZ2
1 +DYD34MALGY (25}

REAL. MXeMY 4MZyMXZoMYZ4MZZ

COMMON /BLKQ4/ GAMMA+GRsGDGEsGAZIDDXeDDYsHOT29ELIM9LENT s ISWSMOWNA

1 oSHWI25) +GM(20,425)

DIMENSION RN(NDIMsMDIM) qUN(NDIMsMDIM) ¢ VN (NNIMoeMDIM)
1 sWNINDIMsMDIM) oPN(NDIMsMDIM) 4 DN(NDIM,MDTM)
DIMENSION CPP(1)9CZO(1)+CON(LI)WCN())+CNOC(])4CPHIO(])
NA=NC=1 § MA=MC-]

GO TO (10+11)01

ZAS=AMINL (ZMAXSsHN)  § HN=HN=~ZAS

DELII=DFLII+ZAS $ GO TO 12

ZAS=HN % HN=0 $& DELII=DELIIe+ZaS

SHIFDEL=ZAS® (COSBN®®2-aSNee2) /AUQON
DELTA=DELTA+SHIFNEL

DO 1 M=) eMC

CPP(M)=ATAN2 (C(M)@SINPHI (M) 4C (M) #COSPHI (M) =ZAS)

IF (CPP(M) 1.T,~1+E=-8) CPP(M)})=CPP(M)+2,3P]

CNO (M) = SQRT(C(M)Ra2=2 ,2C(M)2COSPHT (M) ®ZAS+ZAS®ZAS)
CPP(1)=0, % CPP(MC)=PHIO

CALL INTRPL (MC,CPPyCoyMCyPHI CON)

CALL INTRPL (MC+CPPsCNOWMCsPHIWCN)

CALL INTRPL(MC,CPP+sCZeMCsPHIWCZD)

CALL INTRPL(MC,,CPP+CPHIyMCsPRIZCPHIO)

DO 2 M=]14MC

CA=ATANZ2 (CN (M) 2SINPHI (M) sCN (M) 8COSPHI (M) +7AS)
CP2=SIN(CA) $ CA=COS(CA)
SCR=CA+CP2%CPHIQ (M) /CON (M)
TCR=CA®CPHIN (M) /CON(M)=CP2
UCR=SCROCOSPHI (M) =TCROSINPH] (M)

CZ{M)=CZO (M) /UCR

CPHI (M) =CN (M} & (SCR#SINPHI (M) + TCReCNSPH] (M) ) /UCR
S1=FPSQeSINPHI (M)#e2e], 3 SCA=COSPHI(M)®#DELTA

R{14M)=(SORT(SCA#SCA+ (RETANDELTA)}®(PETA=DELTA)®S1)~-SCA)/S]

R (MCoM)=CN(M)

RDIF=(R (NCyM)=R (1sM))/NA

DO 3 N=2,4NA
RINGM)I=R(19M) ¢+ (FLOAT(N)=14)2RDIF
CONTINUE

DELTA=DFLTA-SHIFDEL

DO 20 M=1eMC

PHN=PHI (M)

DO 20 N=1lsNC
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RNC=zR {N4M) SHFAX 47
ROC=SART (RUC®S242 ,4RMNCECOSPHI (M} @ ZAS+ZASH7AS) SHF AX 48
PHUO=ATANZ (RNCE*STINPH] (M) ¢ RNCOCOSPH] (M) ¢ 24S) SHFAX 49
IF (PHO oLT,~1,E=8) PHO=PHO+2,9°] SHF AX 50
IF (M JEQ. ¥C) PHO=PHIOD SHF AX 51
SINPHO=SIN(PKRO) § COSPHO=COS (PHOD) SHFAX] 7
S1=EPSQeSIiPHO®eDe], $ SCA=COSPHO®DELTA SHFAKX] 8
BOD = (SORT(SCARSCA« (RETASNELTA)® (SETA-DELTAY®#S1)=SCA)/S] SHF AX 53
CALL INTRPL (MC4PHI4Cy1+PHOCOD) SHFAX 54
XUP= (RUC=RON) / (COD=-BOD) SHFAX 55
YOP=PHO/PHIO SHF AKX 56
XOF F=XOP®FLOAT (NA) +1, SHF AX 57
JZINT (XOFF) SHFAX 58
XOFF=XOFF~FLOAT (J) SHFAX 59
YOFF=YORP®FLNAT (MA) 1, SHF AX 60
L=INT(YOFF) SHFAX 61
YOFF=YOFF=FLOAT (L) SHFAX 62
IF (J.LTNC) GO TO 25 SHF AX 63
J=NA $ XOFF=], SHF AX 64
25 IF(J.GT.0) GG TO 30 SHFAX 65
J=1 % XOFF=0, SHFAX 66
30 IF(L.LT.MC) GO 7O 35 SHFAX 67
L=MA $ YOFF=1, SHFAX 68
35 TIF(L.GT,0) GO TO 40 SHFAX 63
' L=l $ YOFF=0, SHFAX 70
. 40 XY=XOFFeYOFF SHFAX 71
PN(NsM)=P (UqL )@ (] =XOFF=YOFF+XY)+P (J+1sL)# (XOFF=XY)+P(JsL+1)*(YOFF SHFAX 72
1 ~XY)4P(JelsL+]1) XY SHF AX 73
DN(NsM)=D(JsL )& (] =XOFF=YOFF+XY)+D(J+1sL)#(XOFF=XY)¢D(JsL*))® (YOFF SKFAX 74
) 1 =XY)eD(Jelal o)) exy SHFAX 75
! UNNM=U(JoL) (1 ,~XOFF=YOFF ¢XY) 4U(J*+14L)® (XOFF=XY)+U(JsL+1)# (YOFF SHFAX] 9
. 1 —XY)+ULJI*1al+]) BXY SHF AX 77
VNNM=V (Jol )@ () ,=XOFF=YOFF+XY)*V(J*1sL)# {XOFF=XY) oV (JoL¢1)®(YOFF SHFAX] 10
1 =XY)eV(Jelel +]) XY SHF AX 7
SCR=VHNNM#S INPHO=UNMMECOSPHO SHFAX] 11
TCR=UNNMES [ IPHO+ YNNMBCOSPHO SHFAX] 12
UN(NeM) =TCReSINPH] (M) ~SCRECOSPHI (M) SHFAX] 13
VIV (NsM) =SCRESINPH] (M) « TCR¥COSPH] (M) SHFAX] 14
20 CONTINUE SHFAX R0
DO 1060 M=]4MC SHF AX 81
C(M)=CN (M) SHFAX 82
DO 100 N=laNC SHFAX 23
PUNGM)=PN (M) S1IFAX R4
n D(NgM)=DN (N M) SHF AX 85
UINGM)=UN N M) SHF AX 86
VINGMY=YN(NeM) SHFAX ar
: 100 CONMTINUE SHF AX 3?2
§ DELTA=DELTA+SHIFDEL SHF AX S3
i MY=MY=ZAS®FA $ MZ=MZ+ZAS®FY SHF A X 94
L3 Rt TIRN SHF AX 95
y END SHF AX 96
IS
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SUBROUTINE SHFAXD(IsNDIMsMDIMyCVeCVPsCPsCZ0sCONyCNoCNOSWCPHTO)
DIMENSION CVI(NDIMyMDIMe4) oCVP(NDIMoMD]IMe4)

DIMFNSION C70(1)sCON(1)+sCN(1)sCNO(1)sCPHIO(1)9CP(])

CALL SHFAX(ToNDIMeMDIMGCV(1elol)oCVIilsle2)sCVilels3)eCVIilalebd)e
1 CVP(1e191)eCVP(14102)sCP +CZO9CONsCNsCNOWCPHIO)

RET!RN

END

SHFAXD
SHFAXD
SHFAXD
SHFAXD
SHFAXD
SHFAXO
SHFAXD
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SUBROUTINE RODY (M)

CoOERNARRIBRNANERIANRAORRORRRNORRIROIRNRRERIRNORINEERNNRREBRRNORNRGRISRNRADRS

THIS ROUTINE COMPUTES THE RADIUS OF THE ARONY AND DERIVATIVES ALONG

THE RODY AT A GIVEN ZyPHI VALUE. THE Z VALUE IS IN COMMON AND THE

PHI VALUE IS PASSED AS AN ARGUMENT THROUGH THE PARAMETER M,
NOTE THAT 7 IS ASSUMED TO BE INCREASING.

(2222 2222224 A2 X2 22 222222 A 2 X222 2222222222222 2222222222222 2 2Y)

COMMON /CBENT/ ZBB(25) ¢ ALNS+DSTsAUQGN+BETAWRSNsCENUF 4 DELITDELTA
1 +COSANIEPSQsZMAXSsPID2+s TANBN9 IBNoHNy THETABN

COMMON /CBONY/ Z+BZZ+BPHPHI +BZPHI+TANCOJDFLZ

1 +PHI(25) ¢B(25) ¢+BZ (25) +BPHI(25) s COSPHI(PS) o SINPHI (25)
DIMENSION ZW(S) 9 THETAW(S) »ZL(S) s THETAL(S) +ZS(5) ¢+ THETAS(S)
DIMENSION ZCONEO(1)+ZCONE (8) s ACONE (R)
NAMELIST/BONDYRO/NCONE ¢ IRND s IEFL s ACONE ¢ ZCONE ¢ ZRND 3 RRND » ZFLARE o

1 THETAFL» THETAGL oNWeNSeNLs IFWeIFSeIFLsZWsZSeZL+sTHETAWI THETAS
2 oPHISGTHETAL yHFWoHFSoHFL 9 ZFWeZFSeZFLsFAWIFASSFAL
3 s IBNsTHETABN o XLVDELIT+CENUF

DATA (ICONE=0)

DATA (ZLAST=0.)

IF (Z oNEs ZLAST) ICS=ICL=]

PH=PH] (M) -
IF (PH JLE. PI) GO TO 2

PH=TPI~-PH § SCCz=-l.

SINPHI (M) ==SINPHI (M)

GO 10 3

SCC=1.

COMPUTE THE RADIUS OF THE BASELINE BOOY AT ANGLE PHI=PHI (M)

IF (Z +GT. ZBAR) GO TO 29

IF(Z2.GT.ZBB(M)) GO TO 25

BM=4 (M) =SART (1 ,~(l.=Z) ##2)

BZ(M)=(1,=2)/8BM $SBPHI (M)=BZPHI=8PHPH]I=0,

BRZZ==1./8BM% (1,4(14=Z)2BZ(M)/BM)

GO 70 1000
(a4 VERSION 3 OF TRANSITION REGION FOR RENT CONE LA

IF (Z .EQ. ZLAST) GO TO &2

BETA=(COSBN+(Z=1,)*BSN) *BCN/AUGN

DELTA=(SINBN® ((1,-2) *COSBN=BSN) +DELII® (COSBN*#2.8SN##2) ) /AUQN
IF (Z +LE. ZEN) GO TO 43

IF (Z +EQ. ZLAST) GO TO 4

BTMP=8BBAR+TANNS*#?

COSPHS=(DTIL2=-7%COTOV2)/BTMP

IF (COSPHI(M) LT, COSPHS) GO TOD 43

A (M) =8TMP

B8Z (M) =TANNS

BZZ=8PHI (M) =BZPHI=BPHPHI=0,

GO 10 1000

S2=SINPH]I (M) #sp

SCR=EPSQ®S2+1,

SCA=COSPHI (M) *DELTA

B (M) aBM= (SQRT(SCA®SCA+(BETA+DELTA) #(BETA-DELTA)#SCR)=SCA) /SCR
TCR=SCR®*BM+SCA

BZ (M) =BZM=2 (RETA®BETAP=DELTA®DELTAP-RM® (DELTAP®COSPHI (M) +AMAEPSQP®
1 S2/2.))77CR

BODY
8ODY
80DY
B0ODY
80DY
BOOY
80DY
BOOY
BOOY
NEWCOM
CBENT
CRODY
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800Y
BODY
BODY
BOOY
80DY
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80DY
800Y
BODY
BOOY
B80ODY
800y
800Y
80oDY
800Y
800y
8ODY
BOOY
80Dy
BOOY
806Y
BODY
80DY
800Y
80DY
BODY
800Y
BOOY
BOOY
BOOY
B80ODY
800Y
BODY
80DY
80Dy
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BOOY
800Y
BoDY
800Y
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RPHI (M) =BPHIM=HMESINPH] (M) S (DELTA=RMOEPSQ®COSPHTI (M) ) /TCR 8Q0Y SR
BZPHI=(RPHIMOCASPH] (M) 8 (DELTAPBZM/AM=DEL TAP) -BM3SINPH] (M) @ (EPSN® 80DY 59
1 BZMOCOSPHI (M) =DFL TAPEPSQP® (BPHIMOSINPHI (M) +BMaCOSPHI (M})) AnDY 60
2 ) /TCR BODY 61
APHPHI= (DELTA® (RPHIM®e20COSPHI (M) /BMeBMECOSPH] (M) «KPHIM#SINPHI (M)  BODY 62
1) +HMPEPSQ (AM® (S2=COSPHI (M) 0#2) =3, #RPHIM*SINPHI (M) eCOSPHI (M) ) )/ BOODY A3
2 TCR B80ODY 64
RZZ=z(~-BZM2 (2 ,9EPSOP#BMOS2+AZMOSCR+2 ,ADFLTAPSCOSPHTI (M) ) +BETAS 8oDY 65
] OFTAPP+BETAP282<DELTAP®02-DELTAPPS (DFLTA«BM*CASPR] (M) ) -Buss? BODY 66
2 EPSAPPeS2,2,)/TCR 80DY 67
GO TO 1000 BODY 68
29 CONTINUE BODY 69
IF (IRNDL.EG.N) GO TO 30 8oDY 70
IF(?.LT.ZRND) 6O TO 30 8oDY 71
IRND=0 BODY 72
BRNN=DELZ+ZRNDaTANCO BODY 73
BRAR=COS (ACONE (NCONE) *P1/180.) B80O0Y 74
RCEN=BRND-RRND®*BRBAR 800Y 7%
ZCEN=ZRND +RAND2SINCO 800Y 76
ZBASE=ZCEN+RRND 8oDY 17
30 IF(Z.LT.ZFLARE) GO TO 35 BODY 78
IF(IEFL.EQ.N) GO TO 33 800Y 79
1EFL=0 800Y 80
RC=DELZ+TANCO®ZFLARE BODY 81
TINFLR=TAN(THETAFL®RAD) /RC 80DY 82
TNGLR=TAN(THETAGL®RAD) /RC BODY a3
RC2=RC*RC BODY 84
GZSQ=TNGLR*e2 § FZSQ=TNFLR®s? BODY as
33 IF (Z .€Q. 7LAST) GO TO 35 BoODY 86
GLZ=1e+(Z-ZFLARE) ®*TNGLR BODY a7
6SQ=GLZ*GLZ $ GGZ=GLZ*TNGLR 800Y [-1:]
FLZ= 1.+(Z~2ZFLARE)®*TNFLR 8oDY 89
FSQ=FLZoFLZ SFFZ=FLZ*TNFLR B80O0Y 90
35 IF(2-ZCONE(TICONE))S50+40¢40 800Y 91
40 RCONE=DELZ+TANCO®Z2CONE ( ICONE) 80ODY 92
[CONE=ICONE + 1 BODY 93
TANCO=TAN(ACONE (ICONE)#PI/140,) B8ODY 94
DEL7=BCONE=TANCO®2CONE (ICONE=1) BODY 95
IF (2CONE (ICNONE) JLE.ZWW) GO TO 31 BODY 96
ZWu=Zww BODY 97
RWU=DELZ+ZWyesTANCO BODY 98
TANW=TAN(THETAW (1) #RAD) BODY 99
ZwWW=1.E08 BODY 100
31 IF(ZCONE(ICONE).LE.ZLL ) GO TO 32 B80ODY 101
ZLu=ZLL B80ODY 102
‘ BLU=DELZ*ZLU®TANCO BODY 103
TANL=TAN(THFTAL (1) *RAD) BODY 104
7LL=1.E08 BODY 105
A 32 IF(ZCONE(ICNNE) .LE.ZSS) GO TO 35 BODY 106
' FAXVEY £33 BODY 107
A 255=1.E08 BODY 108
¢ B8SU=DELZ+ZSU®TANCO BODY 109
k1 TANS=TAN(THETAS (1) *RAD) BODY 110
o GO0 TO 3% BODY 111
: S0 IF(7.LTZRNN)264+27 80DY 112
27 RA=RCEN+SQRT (RRND®e2-~(Z=2CEN)*#2) BODY 113
GO TO 100 BODY 116

191
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26 IF(7.LT,ZFLARE) GO TO 28 BODY 115
COSSQ=COSPHI (M) @#2 § SINSQ=1.~C0SS0 BODY 116
COS2P2COSSU-SINSQ $§ SIN2P=2,*SINPHI (M) #CNSPHI (M) 80DY 117
RB=RC*SQRT (FSQ*COSSQ+GSQ*SINSQ) 80DY 118
GO TO 100 BODY 119
3 28 RB=NELZ+Z*TANCO BODY 120
100 IPTR=] BODY 121
c 800Y 122
c COMPUTE THE NISTANCE TO THE SIDE-CUT PLANE 80DY 123
c 80DY 124
IF(IS=1) 14041104120 BODY 125
110 IF(Z,LT,ZS(1S))GO TO 140 80DY 126
I1S=1Se1 800Y 127
120 IF(Z,LT.2ZS(IS))G0 TO 130 BODY 128
ASU=BSU+ (ZS(15)-2SU) #TANS 80DY 129
ZSU=2S(IS) 80DY 130
TANSZTAN(THETAS(IS) ®RAD) SIS=I1S+1 BODY 131
IF(IS.NE.3) GO TO 120 BODY 132
IF(IFS,EQ.0) GO TO 120 80DY 133
BFSI=BSU $ BFSF=BSU+TANFS®ZFS § ZFS=ZFS+ZSU BODY 136
2FSI=ZSU BOOY 135
60 TO 120 BODY 136
130 IF(ABS(PH=PH1S)=PID2.6GT.=1.E~05) GO TO 140 BODY 137
RS=(BSU*(Z=ZSU) *TANS) /COS(PHIS~PH) BoDY 138
IF(RS.GE.RB)GO TO 140 BODY 139
. IPTR=2 $ RR=RS BODY 140
c BODY 141
‘ c COMPUTE THE DISTANCE TO THE LEE~CUT PLANE 80DY 142
c BODY 143
140 IF(IL=11180,150+160 BODY 164
2 150 IF(Z.LT.ZL(1))GO YO 180 BODY 145
¢ IL=ILe+} BOOY 146
: 160 IF(Z,LT.ZL(IL)) GO TO 170 80DY 167
i BLU=BLU+ (2L (IL)=ZLUI #*TANL SZLU=ZL(IL) STANL=TAN(THETAL(IL)*RaD) BODY 148
IL=1Le1 BODY 149
IF(IL.NE.3) GO TO 160 BODY 150
IF(IFLL,EQG.0) GO TO 160 BODY 151
BFLI=BLU $ AFLF=BLU+TANFL#ZFL § ZFL=ZFL+ZLU - BODY 152
ZFLI=ZLU 80Dy 153
GO TO 160 8ODY 154
s 170 IF(PH.LT.PID2+1.E=05) GO TO 180 BODY 155
AL==(BLU* (Z=ZLU) *TANL) /COSPHI (M) BOOY 156
IF(RL.GE.RB) GOTO 180 BODY 157
IPTR=3  SRAsRL 80ODY 158
c 80ODY 159
Y c COMPUTE THE DISTANCE TO THE WIND=CUT PLANE BOOY 160
c BODY 161 i
. 180 IF(TW=1)3004190+200 800Y 162 :
2 190 IF(Z.LT.Z¥(1))G0 TO 300 BODY l63 !
¢ INzIWe] 80o0Y 166
& 200 [F(Z,LT.ZW(IW))GO YO 210 80DY 165
v BWU=BWUe (ZW (IW) =ZWU) ®TANW B80DY 166
* ZWUZW(IW) STANW=TAN(THETAW(IW)®RAD) SIWaIWe] BODY 167
W IF(IW.NE+3) GO TO 200 80Dy 168
¢ IF(IFW.,EQ.0) GO TO 200 80DY 169
p BFWI=BWU S BFWFZBWUSTANFW®ZFW § ZFW=zZFW+ZwU B8ODY 170
IFWTI=2WU 80DY 171
i
1.
[




NSWC/WOL/TR 77-28

GO TO 200 BODY 172

210 IF(PH.GT,PIN2-1,E~05) GOTO 300 80DY 173

RW= (BWU+ (Z=7WU) *TANW) /COSPHI (M) BODY 174

IF (RW,GE.RB) GO TO 300 BODY 175

IPTR=4 SRB=zRW 80DY 176

300 B(M)=RB a800Y 177

c 800Y 178

c ITPR NOW CONTAINS A POINTER INDICATING WHICH OF THE ABOVE COMPUTED BODY 179

c DISTANCES IS MINIMAL. 80DY 190

c IF IPTR=) THEN THE MINIMAL DISTANCE IS TO THE BASELINE BODY. BODY 181

c 1IF IPTR=? THEN THE MINIMAL DISTANCE IS TO THE SIDE=CiT PLANE BODY 182

c IF 1PTR=13 THEN THE MINIMAL DISTANCE IS TO THE LEE-CUT PLANE BODY 183

c IF IPTR=4 THEN THE MINIMAL DISTANCE IS TO THE WIND-CUT PLANE BODY 184

c 80DY 185

c THE ROUTINE THEN TRANSFERS TO THE APPROPRIATE SECTION OF THE CODE  BODY 186

c FOR COMPUTATION OF DERIVATIVES. 80DY 187

C BODY 188

GO TO (900+400+500+600)+IPTR BOOY 189

c 80DY 190

c SIDE Ccut 800Y 191

c CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDED TO CALCULATE THE B800Y 192

c DERIVATIVES. 80DY 193

c BODY 194

400 IF(IFS®IS.LE.2) GO TO 460 800DY 195

. IF(ICS.EQ.0) GO TO 430 800Y 196

s 1CS=0 800Y 197

RS3AS®COS (PH=-PHIS) 80DY 198

PHIFS=ATAN (HFS/RS) BODY 199

IF(Z.GT.ZFS) 4104420 800Y 200

410 RSF=8FSF eooyY 201
y PHITS=ATAN{HFS/RSF) BODY 202 -
: TANFS=20 BODY 203
s G0 TO a25 800Y 206 i
420 RSFaBFS1+(Z-ZFSI) #TANFS BODY 205 {
PHITS=ATAN (HFS/RSF) BOOY 206 !
425 IF(RSFL.GT.RS) GO TO 430 BODY 207 i
IFS=0 $ GO TQ 460 B8ODY 208 :
430 IF(aBS(PH=PHIS) .GE.PHIFS) GO TO 460 80DY 209 )
IF (ABS (PH=PHIS) ,GT.PHITS) GO TO 450 80DY 210 ;

COSU=COS (PH=PHIS) BOOY 211

TANU=TAN (PH=PHIS) 80DY 212
B (M) =RA=RSF /COSU BODY 213 :
8Z(M)=TANFS/COSU B8oDY 214
GO TO 800 80DY 215 i
‘ x 450 SINU=SIN(PH-PHIS) $COSU=COS (PH=PHIS) 800Y 216 ;
" B (M) =BM=ABS (HFS/SINU) BOOY 217 !
.. GO TO 700 BODY 218 !
2 460 COSUICOS (PH-PHIS) 800Y 219 :

s TANU=SIN (PH-PHIS) /COSU BOOY 220

> B8Z (M)2TANS/COSU 800Y 221

' GO TO 800 BOOY 222

i c 800Y 223

¢ c LEE Cur 800Y 224

¥ c CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDED TO CALCULATE THE 800Y 225

b c DERIVATIVES. 800Y 226

c 80DY 227

_ 500 IF(IFL®IL.LF.2) GO TO 570 800DY 228
2 .
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IF (1ICL.EQ.C) GO TO 540 BODY 229
1CL=0 800Y 230
RL==RL®CASPHI (M} BODY 231
PHIFL=ATAN(HFL/RL) 80DY 232
IF(Z.LE.ZFL) GO TO 530 BODY 233
RLF =8FLF 800Y 234
PHITL=ATAN(HFL/RLF) BODY 23S
TANFL=0 800y 236
60 10 535 80DY 2371
530 RLFzBFLI*(2-ZFL1)*TANFL B8ODY 238
PHITL=ATAN (HFL/RLF) 80ODY 239
S35 IF(RLF.GT.RL) GO TO 540 800Y 240
1FL20 80D0Y 241
GO TO S70 BODY 242
S40 IF(ABS(PI=PH) GE.PHIFL) GO TO 570 800Y 243
IF (ABS(PI=PH) .GT,PHITL) GO TO 560 BODY 244
COSUsCOSPHI (M) B0OOY 245
TANU=SINPHI (M) /COSU 800Y 246
B (M) =RB=2~RLF/COSU BODY 247
BZ (M) ==TANFL/COSU 80DY 248
GO TO 800 800Y 249
560 SINU=SINPHI (M) BODY 250
COSU=COSPHI (M) 800y 251
R (M) =BMaHFL/SINU 800y 252
GO TO 700 BOOY 253
' S70 BZ(M)2=TANL/COSPHI (M) B8OOY 254
. TANYsSINPHI (M) 7/COSPHI (M) 800Y 255
GO TO 800 800Y 256
c BODY 257
. c WIND CUT BODY 258
‘ c CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDED TO CALCULATE THE BODY 259
{ c DERIVATIVES. 80ODY 260
' c 800Y 261
U 600 IF (IFWeIW.LE.2) GO TO 710 . 800Y 262
IF (Z .EQ. 7LAST) GO TO 630 80DY 263
PHIFW=ATAN(HFW/RW) 800DY 264
IF(Z.LE.2FW) GO TO 620 800Y 265
AWF =BF WF 80ODY 266
PHITWSATAN (HFW/RWF) BOOY 267
TANFWs0 BODY 268
GO TO 625 BODY 269
620 RWFzRFWI*(Z-ZFWI) *TANFW 800Y 270
PHITWSATAN (HF W/RWF) 8ooY 271
625 IF (RWF.GT.RA) GO TO 630 80ODY 2712
1Fw=0 80DY 2713
i GO t0 710 ¢ 800Y 274
. 630 IF(ABS(PH) .GE.PHIFW) GO TO 710 BoDY 275
o IF (ABS(PH) «GT.PHITW) GO TO 650 80DY 2786
L COSy=COSPHI (M) 800Y 217
¢ TANUSSINPHI (M) /COSU | 80DY 2718
K BZ(M)= TANFJ/COSU BOOY 219
11 A (M) 2RBEAWF /COSPHT (M} BODY 280
. G0 TO 800 BODY 281
v 650 SINUSSINPHI (M) BODY 282
¢ COSU=COSPHI (M) 80DY 283
: B (M) 2BMaHF W/SINU 8oDY 284
¢ BODY 285
B2
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c COMPUTE DERIVATIVFS ON THE SIDE OF THE FALP, 80DY 286
C BODY 287
700 BZ(M)=BZZ=87PH1=0, BODY 288
BPHI (M) z=H4eCOSU/SINU BODY 289
BPHPHI=BM® (2, / (SINU*SINU) ~1,) B80ODY 290
GO TO 1000 BODY 291
710 BZ(M)STANW/COSPHT (M) B80ODY 292
TANU=SINPHI (M) /COSPHI (M) BODY 293
c BNDY 294
c COMPYTE THE NERIVATIVES ON CUT OR TOP OF FLAP, BODY 295
c BODY 296
800 BPHI(M)=TANU®RB 800Y 297
R2Z=0. 8ODY 298
BZPHI=8Z (M) oTANU 80DY 299 ]
BPHPHI=RB+2,¢BPHI (M) *TANYU B80DY 300
GO TO 1000 800y 301
c BODY 302
c COMPUTE THE DERIVATIVES ON BASELINE BODY, 800Y 303
c BODY 304
900 IF(Z.LELZRND) 50 TO 90§ BO0DY 305
RZ=RB=RCEN BODY 306
BZM=BZ (M) =(7CEN=-2) /RZ BODY 307
BZZ==(]1,+BZMeB7M) /RZ BODY 308
BZPHI=BPHPHI=BPH] (M) =0, BODY 309
RE TURN 8o0DY 310
, 905 IF(Z.LT.ZFLARE) GO TO 910 BODY 311
BZM=BZ (M) =RC2% (FFZ*C0SSQ+G6G2*SINSQ) /RB BODY 312
‘ BZZ=(RC2*(F2SQeCO0SSQ+GZSQA*SINSQ) -BZM®B2ZM) /RS BOOY 313
BP=BPHI (M) = ,S*RC2*SIN2P#* (GSQ-FSQ) /RA BOOY 31s
BPHPHI= (RC2# (GSQ=-FSQ) *C0S52P=-8P*BP) /RB BODY 315
BZPHI=(RCZ2*SIN2P® (GGZ~FFZ)~AP*AZM) /RB 800Y 316
GO TO 1000 BODY 317
4 910 BZ(M!=TANCO $ RZPHI=BPHPHIZBZZ=BPHI (M) =0, BODY 318
N 1000 SINPHT (M) =SCC*SINPHI (M) BODY 319
RPHI (M) 3SCCeBPHI(M) $ RZPHI=SCCe®BZPHI B80DY 320
2LAST=7 BODY 321
RETURN BODY 322
ENTRY RCOYR 8oDY 323
C..0.0.’00000'000000000000000900.0..0.QQQ..O.0Q...0'.0.'.......'00"'0.. BODY 326
c BODY 3z2s
c THIS PART NOF WE ROUTINE READS IN DATA DEFINING THE BODY BODY 326
c UND COMPUTES vARIOUS PARAMETERS, BODY 327
c BODY 328
c...QQQO.QQQ....Q.QQQQO.QC..QQ.Q.QOOOQ.Q.Q.l...'..'..'..’....000.0'..... Boov 3?9
c 80ODY 330
c NCONE DETERMINES THE NUMRER OF CONIC SECTIONS 800Y 331
N c IRND DETFRMINES WHETHER THE END OF THWE RODY IS ROUNDED. BODY 332
c (IANN=]1 IF ROUNDED AND 0 TOWERWISE) 80DY 333
c [EFL DETERMINES WHETHER THERE IS AN ELLIPTIC FLARE ON THE BODY 334
c END OF THE B0DY, (IEFL=1 IF THERE IS AN ELLIPTIC FLARE 8o0Y 33s
! ¢ AND 1S 0 OTHERWISE.) 80DY 338
' c NEXT, FOR EACH CONIC SECTIONs INPUT THE ANGLE OF THE CONE AND THE 8ODY 337
3 c 2 VALUE WHERF [T ENDSe. 800y 338
o c IF THE 80DY IS ROUNDEDe INPUT THE Z LOCATION OF THE BEGINNING OF 800Y 339
: c THE QOUND ANND THE RADIUS OF THE QOUNDING. 800Y 340
c IF THE AFTERAODY IS FLAREDs INPUT THE Z LOCATION OF THE BEGINNING O BOOY 341
[of THE FLARE ANN TWE ANGLE OF EXPANSION OF THF PHI=0 AND 180 OEGREE B80ODY kI'Y-]
i
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AXIS AND THE ANGLE OF EXPANSION F0O THME PHI=90 DEGREE AXIS,

NW IS THF NUMBER OF SECTION OF THE WIND CUuT

NS [S THE NUMBER OF SECTION OF TME SIDE CUuT

NL IS THE NUMBER OF SECTION DOF THE LEE CUR

NL IS THE NUMBER OF SECTION OF TME LFE CuT

IFWw IS ONE IF THERE IS A WIND FLAP 0 OTHERWISE
IFS IS ONE IF THERE IS A SIDE FLAP 0 OTHERWISE
IFL IS ONE IF THERE IS A LEE FLAP 0 OTHERWISF

NOTE THAT ALL FLAPS BEGIN ON THE SECOND PART OF THE CORRESPONDING
CUT L4

NEXT, FOR EACH CUT SECTION INPUT THE Z LOCATION OF THE BEGINNING
OF THAT SECTION AND THE ANGLE OF THAT SECTION

FINALLY. FOk EACH EXISTING FLAP INPUT THE HALF-WIOTH OF THE FLAP,
THE LENGTNH OF THE FLAP ALONG THE Z AXISs AND THE FLAP ANGLE,

PI=z4,*ATAN(]1.) $ RAD=PI/180.
NCONE=®]l $ ZRND=ZFLARE=1.E08
NWaNSaNL2 [Fwas[FS=IFL=IEFL=IRND=0SIw=IL=IS=0
CENUF=,5

HNz0. $ IBN=(

DELII=0.

PID2aPI/2.

PHIS=90,

FAWsFAS=FAL=20.

READ (5+800YRD)

PID2=P1/2,.

TPI=PleP]

ZCONEO (1) =0,

ZCONE (NCONE) =] ,E08

1030 CONE=ACONE (1)

ALNGS=CONE
SINCO=SINI(CNHNE®RAD} $ COSCO=COS(CONE®RAD)
IF(IBN.EQ.1) GO TO 1040

1045 CONTIMUE

28AR=1,-SINCO §$ BBAR=COSCO $ GO TO 1050
soe COMPUTE PARAMETERS FOR BENT NOSE ses

<1040 ALNS=ALNS®*RAD $ THETABN=THETABN®RAD

BCN=COS(ALNS) $ BSNsSIN(ALNS)

COSRN=COS(THETABN) S SINBN=SIii(THETABN)

TANBN=S INBN/COSBN

TANNS3BSN/BCN § SNO2xSIN(THETABN/2,.,: $ CNO2=COS(THETABN/2,)
DUM] =CNO2#®2-gSN®42 § DUM2=XLVECNO2/DUM]

DUM3a] ,~COSAN/BSN § DUM4=CNO2® (COSBN-BSN®#42) $ NUMS3IBCN®RSN®SNO2
ZENIDUM3+DUMZ* (DUM&L=DUMS) § ZBARZDUM3+DUM?® (DUMA+DUMS)

DUMA = (DUMZ® (CNO2*BCN®22=DUMS ) ) #TANNS $ BBRARSDUME~ZENPTANNS
BBARzABBARC7BAR®TANNS $ COTOV2=CNO2/5NO2
DTIL2=DUMb6+ZENSCOTOV2 $ HN=SINON® (DUM28CNO2~1,/RSN) =DELIT
AUQGNZ= (COSBN#BCN) #92< (BSNSSINBN) ##2

EPSN=SINBN®e2/AUQN $ EPSQP=EPSQPP=0.

BETAP=BCN®*BSN/AUGN

BETaAPP=0, $ DELTAP=~SINBN#COSBN/AUGN

DELTAPP=0,

DST2ZEN=,5 § ZMAXS2CENUF#TANBN
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1050 CONTINUE 80DY
TANCO=SINCO/COSCO 80DY
DEL7=BBAR=TANCO®ZBAR B80ODY
ZLINL*1)=1.FOH 80DY
ZS(NSe1)=1.F08 BODY
ZWiNWe]l)=1.F0R 80DY
IF (NWaNELO) Tw=l BODY
IF (NS.NELO) 1S=1 goDy
IF (NL.NEL.O) IL=1 BODY
PHIS=PHIS#RAD B80OOY
TANFW=TAN(FAW®RAD) BOOY
TANFS=TAN(FAS®RAD) 800Y
TANFL=TAN(FAL*RAD) BODY
1640 ZLL=ZL (1) $ Zww=ZwW(l) $§ 2SS=ZS(1) B8ODY
RE TURN 80DY
2000 FORMAT(IS) BODY
2001 FOWRMAT (2F10,.4) 800Y
2002 FORMAT(IF10,4) BODY
ENTRY BODYW BODY
CIQ.'QO'Q.0'.000'00000.0'QQQ.IQQQQ.OQQQ..0.QQQOQ.QQQOOQQQ.0.0.0.0.'0.000 BODV
c 800Y
c THIS PART OF THE ROUTINE PRINTS OUT INFORMATION ABOUT THE BODY. BODY
c BODY
COOQOQOOQQQOQQQOOQQ.0QQ.Q.Q.QQQ..0.0..QQOQ..QI..Q.'...QQQ..QQ.Q..QQ.Q.Q. BODY
IVERSON=3 800Y
WRITE (6+3000) IVERSON BOOY
’ IF(IBN.EQ.1) GO TO 3020 800y
WRITE (643005) ZBARBBAR 80DY 426 1
GO TO 3021 800Y 27 b
3020 WRITE(6+3100)ALNS/RAD s THETABN/RAD » ZEN B8ODY 428 1
3100 FORMAT(11X+#FORE BODY IS A SPHERICALLY BLUNTED CONE OF ®,F10.4, BODY 429 : |
1 * DEGREES BENT AT AN ANGLE OF #4F10.4/11Xs®*THE BENT CONE ENDS AT BODY 430 p
2 9,F15.7) 80DY 431
WRITE(6+3110)2ZBAR.BBAR BODY 432 i
3110 FORMAT(]1Xs2THE RODY IS SMOOTHEJ TO THE AFT BODY BEGINNING AT, 800Y 433 3
1 E15.7+% AND HAVING RADIUS ®5€15.7/11X+® THE AFT ROOY IS a4 MULTIP BODY 434
2LE CONIC WITH @) 800Y 435 i
3021 CONTINUE 800Y 436
WRITE(643010) (ACONE (1) +2CONE (1) +1=14NCONE) BODY 437
IF(IRND.EQ.1) WRITE(643025) RRND+ZRND 80DY 438
IF(IEFL,EQ.1) WRITE(6+3030) ZFLARE.THETAFL,THETAGL 8oDY 439
IF (NW.EQ.0) GO TO 3060 800Y 440 i
WRITE(6,3035) 8ODY “s] 1
WRITE (643060) (THETAW(I) ¢ZW(TI)sI=]eNW) 800Y 442
IF(IFW.EQel) WRITE(6+3050) HFWeZFWeFAW 8oDY 443
3060 IF(NS.EQ.0) GO TO 3090 BOOY “6e
: PHIS=PHIS/RAD 800Y s
5 WRITE(643070) PHIS 80DY 446
. PHIS=PHIS#RAD B0ODY .67 :
WRITE (643040) (THETAS(I)s2ZS(I)e1=1NS) 800Y 448 3
IF(IFS.EQel) WRITE(6+3050) HFSsZFS+FAS 800Y 449 :
3090 IF(NL.EQ.0) RETURN BODY 450
; WRITE (643095) B80OOY 451
WRITE (643040) (THETAL(I) ZL(T)oTx1oNL) 800y «52 1
IF(IFLLEQel) WRITE(6 +3050) HFL.ZFLJFAL 80DY 53 1
RETURN BOOY 454
3000 FORMAT (1H0 20X *PROGRAM BODY#+6X ¢ ®VFRSION®,4) 80DY 455
197




L adtal e
s .

L e

NSWC/WOL/TR 77-28

3005 FORMAT(11X,#BODY IS SPHERICALLY BLUNTED AND SPHERE ENDS AT Z=#,
1 E1S.792Xe® WITH B3#,E15.7/11Xs® AFT BODY IS A MULTIPLE CONIC WITH
2 *)

3010 FORMAT(16Xs®ANGLE®sF10.,4¢® UP TO #,F10.4)

3025 FORMAT(11X+#THE REAR OF THE BOOY IS ROUNDED WITH RADIUS®*,F10.4/
1 11Xe® THE ROUNDING BEGINS AT®, F10.4)

3030 FORMAT(11Xs*#THERE IS AN ELLIPTIC FLARE BEGINNING AT®y Fl0.4/
1 11Xe®THE WIND-LEE AXIS EXPANDS WITH ANGLE®, F10.4,* AND THE SIOE
2 AXIS EXPANDS WITH ANGLE®, Fl0.4 )

3035 FORMAT(11X+oTHERE IS A WIND CUT OFe)

3040 FORMAT(16Xs®ANGLE®sF10,4s% BEGINNING AT#sF10.4)

3050 FORMAT(20X+#WITH A FLAP OF HALF=WIDTH®,F1N.49® LENGTH ALONG Z-AXIS
1 ®,Fl0.4+% AT®Fl0.4+* DEGREES®)

3070 FORMAT(11X+®THERE IS A SIDE CUT CENTERED AT LONGITUDE®+F10.,49s * OF
1

3095 FORMAT(1iXe# THERE IS A LEE CUT OFe)
END
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SUBROUTINE FIELD FIELD 2
c FIELD 3
c FIELD PRINTS THE DATA AT SOME FIX 7 FIELD 4
c FIELD S
COMMON NCeMC oK yPINFsDINFoPHIO [DYAW,PI4RAD NEWCOM 1
COMMON YZ(3) 4 YPHI(3) 9C(25) +CZ(25) +CPHI(25) 4R (20425) NEWCOM 2
COMMON D(20425) »P (209251 +U{20425) 9V (20425) 4W(20425) +ASQ(20425) NEWCOM 3
COMMON CU(4420425) sCUP (4920425} NEWCOM "
C #s»  END OF ALANK COMMON  see €D3CSS 32
COMMON /CBENT/ ZBB(25) sALNSsDSTAUNNBFTASRSNICENUF L DELITVNELTA NEWCOM S
1 +COSEN+EPSQ,ZMAXSsPID2s TANBN ¢ IBN,HN ¢ THETABN CBENT 3
COMMON /CBODY/ Z,8ZZ+BPHPHI 4BZPHI+TANCOWDELZ cBoOnY 2
1 +PHI(25),B(25) ¢BZ(25) +BPHI (25) 4 COSPHI (265) s SINPHI (25) CRODY 3
COMMON /COUT/ ACHyATTAsYAWsZEND, XINDEF o VINF 4 SINF cour 2
1 oNTARGET,TARGETZ(100) couTt 3
c FIELD 9
COMMON/RGASS/AX sHX s TX+RRX +GXsNTEST (NGAS I NFIRST FIELD 9
WRITE (6+3000) ACHsATTA,YAW FIELD 10
DO 100 M=14MC FIELD 11 ]
HSPHI(M)/RAD $ WRITE (6+3010) MeH FIELD 12
WRITE (643800) HN FIELD 13
WRITE (693600) KyZeB (M) 4BZ (M) sBPHI (M) 9C (M) 4CZ (M) 9CPHI (M) FIELD e
WRITE (6+3700) FIELD 15 1
DO 50 N=1sNC FIELD 16
LENC~=N+] FIELD 17
' IF ((P(LsM) oGT. 0o) oAND. (D(L,M) ,GT., 0,)) GO TO 10 FIELD 18
. AMACHES X=X INDEF FIELD 19
GO TO 25 FIELD 20
10 CONTINUE F1ELD 21
CALL RGAS(P(LsM) 9D (LoM) 45X 4) FIELD 22
AMACHESQORT (U (LoM) #2920V (L oM) 2920w (LoM) #92) /AX FIELD 23
f 25 CONTINUE FIELD 24
: GAMCZ14/(1e=P (LoM}/ (HX®D (LM} )) FIELD 25
WRITE (6934000 R(LsM) oW (LoM) sU(LoM) s VILIM) oP(LoM) oD (LIMI FIELD 26
1SX s AMACH s GAMC FIELD 27
S0 CONTINUF FIELD 28
100 CONTINUE FIELD 29
RETURN FIELD 30
3000 FORMAT(1H1+#MACH NO 1S#,1PE1S+745X, FIELD 31
1]  ®ANGLE OF ATTACK IS%,1PE15.7+5X,#ANGLE OF SINESLIP IS®,1PE1S,T) FIELD 32
3010 FORMAT(1HO+»®PLANE®+I4+3X9®ANGLE [S®.F7.2¢# DEGREES®) FIELD 33
3100 FORMAT(1H®+s50X,®WINDWARD PLANES®) FIELD 3s
3200 FORMAT(IH+s50X+*LEEWARD PLANE®) FIELD 35
3600 FORMAT(IH +1P9E14,.4) FIELD 36
. 3600 FORMAT(IHOs#STATION®»I1S,4X 987 IS®41PELS.TeaXe®A [SOGIPEIS,7Te4Xs FIELD 37
B 1 #BZ IS*y1PE1SeT+4Xs08PH] IS®41PE1S5,.74/¢ FIELD KL
: ITXo#C 524 1PE15.794Xe%CZ ISee1PF15.7¢4Xe#CPHL IS#41PE1S.7) FIELD 39
A 3700 FORMAT (1HOsAXs IHR 913Xy 1HWs13Xs14Us13Xe 1HVs13Xe1HP+12X¢3HRHO, FIELD «0
. 1 13XelHSe13Xe1HMs1]1X+SHGAMMA) FIELD sl
$ 3800 FORMAT(11Xs8THE AXIS IS SHIFTED UP® F10.4e® UNITS®) FIELD 42
END FIELD %3
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SUARQUTINE ouY

OUT OUTPUTS THE WALL PRESSURES ANN THE FORCES AND MOMENTS,
THIS ROUTINE 1S EXECUTED AFTER CALCULATIONS ARE COMPLETED,

COMMON NCoMCoKoPINFoOINFIPHIOINDYAWPIJRAD

COMMON YZ(3) 2 YPHI (31 5C(25)4CZ(25)+CPHI(25) 4R (20.25)

COMMON D(20,25) ¢P(20525) ¢U(20925) sV (20+25) ew(20425)¢A5Q(20,25)

COMMON CU14:20425)9sCUP({4920425)

. END OF RLANK COMMON LA

COMMON /COUT/ ACHWATTA,YAW.ZEND 4 XINDEF ¢ VINF 4 SINF
+NTARGET,TARGETZ(100)

COMMON /CBODY/ Z+8Z2+8PHPHI +BZPNT+TANCOJDELZ
sPHI(25) 4B (25) +BZ(25) +BPHI (25) »COSPHI (25) s SINPHI (25)

COMMON /CINTEG/ FNoFYoFAIMXsMY M2 9FNZoFYZoFAZsMXZIMYZMZ7
«DYD3yMA,GY (25)

REA{L MX MY ¢MZ o MXZoMYZ4MZZ

COMMON/RGASS/AXsHX s TX9RRXsGX oNTEST¢NGAS
DIMENSION ZS(2)+sFNS{2)+FYS(2)sFAaS(2) +MXS(2) ¢MYS(2)9M25(2)
REAL MXSeMYS,MZS
DIMENSION PB(1)
EQUIVALENCE (PB.8)
NAMELIST /OUTRG/ ZREFSAREF+2Ce20,1IPCID
IF (2REF .EN. 0.) ZREF=ZEND+Z20
IF (AREF .GT. 0.) GO TO 10
232END § CALL 80DY(1) & RBaDELZ+TANCO®ZEND $§ AREFaPI®Rpw#e2
REWIND 16 $ NPTS=0 § M1=] $§ MCMXaMC $ M1PlaxMlslé
CONTIZ . S*DINFRVINF##2/PINF
NPTSaNPTS+}
MCS=MC
READ (16) NCoMCsATTA9YAWSACHsGAUMAJPINF ¢DINFsPHIOIK$Z
sNGASoNTEST+RRX
SFNIFYsFAMA MY MZoFNZsFYZoFAZoMXZ9MYZ9M22
o (PHI (M) (DUMsDUMsDUM¢M=] 4MC)
s (DUMyDUM4DUMsDUM PR (M) s DUMgM=]14MC)
IF (ECF(16)) 200.50
M2=MINO (MCeM1P14) $ IF (M2 .LT., M1) GO TO 30
IF (MC JNE. MCS) NPTS=]
IF (MOD(NPTS~1,38) .NE, 0) GO TO 75
WRITE (643000) ACH+ATTAsYAW,Z0
FORMAT (1H1+10X4O®MACH NO =®4F8.3,5X
+®ANGLE OF ATTACK =0,FB,345X,#ANGLE OF SIDESLIP =#,F8.3
v5X9820 =2,FB8,3)
IF (IPCID +FQ. 0) WRITE (643020)
FORMAT(1H0+35X+*S U R F A CE PRESSURE RATI ne
IF (IPCID JNE. 0) WRITE (643025)
FORMAT(1H0+0X4®S U R F A C E PRESSURE oy
e«C OEF FICIENTS
DO 60 M=M1l.M2
PHI (M) =PHI (M) /RAD
WRITE (6+3030) (PHI(M) MZM]4M2)
FORMAT (1H ¢5X¢4HZ+Z00¢15FB.1)
WRITE (6+43040)
FORMAT (1H )
DO 62 M=M] M2
PB (M) PR (M) /P INF
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MZ=MZSIT1) ¢ (MZS(12)=M2S(11))*CONT]

CN=XKO0®FN $ CA=XKO®FA § CY=XKQeFY .
CMX=2XK]1®(MXeZC®FY) § CMYSXK]1®(MY=2CeFN) § CMZ=xx]om2’
XCPP=XINDEF $ XCPY=XINDEF

IF (CN  NE« 0.) XCPP=2C/ZREF+CMY/CN+Z0/ZIRFF

IF (CY JNE. 0.) XCPY=2C/ZREF~-CMX/CY+Z0/2RFF

CY=«CY § CMX==CMX § CMY3=CMY § (CMZ==(CMZ

22=72T+20

WRITE (693330) ZZ+sCNsCAsCYsCMX4CMY 4CMZ 4 XCPP,yXCPY

GO T0O 300

325 NPTS=0 § REWIND 18

350 NPTS=NPTSel -

READ (18) ZoFNoFYsFAsMXeMYIMZoFNZoFYZ9FAZoMXZIMYZIMZ2Z
IF (EOF(18)) 425,375

375 IF (MOD(NPTS~1,38) .NE., 0) GO TO 400
WRITE (6+3200)

WRITE (6+3340)
WRITE (643350)

400 CNZ=XKO®FNZ $ CAZaXKO0®FAZ § CYZ=XKQ®FYZ
CMXZ=XK1®(MXZ+Z2C®FYZ) § CMYZ=XK]1®(MYZ<ZC®FNZ) $ CMZZ=XK1®MZ2Z
CYZ==CYZ $ CMXZz=CMXZ § CMYZ==CMYZ § CMZZ=-(CM2Z
22=7+20
WRITE (693360} ZZ+sCNZsCAZy»CYZICMXZSCMYZ,CMZ2
GO0 10 350

425 RETURN
ENTRY OUTR

THIS PART OF THE ROUTINE READS IN DATA USED BY OUT

ZREF IS THE REFERENCE LENGTH

AREF IS THE REFERENCE AREA

27 1S THE Z VALUE THAT MOMENT COEFFICIENTS ARE TAKEN ABQUT
Z0 1S THE OFFSET DISTANCE FROM BEGINNING OF BONY

IPCID = 0 MEANS PRINT SURFACE PRESSURE RATIO

= 1 MEANS PRINT SURFACE PRESSURE COEFFICIENT

ZREF=AREF=0, § ZC=0. § 20=0. $ IPCID=0
READ (S,0UTRD)
RETURN
3200 FORMAT(1H1+36Xe%A E R O D Y NAMTIC D AT Aw)
3210 FORMAT(1HO+30X*F R E E STREAM CONDITIONSH®
3220 FORMAT (1M +10HMACH NO, =¢1PE15,643X46Xs 1 THANGLE OF ATTACK =,
1 1PE1S.603X9 19HANGLE OF SIDESLIP =s1PF15,.6)
3230 FORMAT (1M +4XeAHVINF =41PEIS.693Xe23HTOTAL ANGLE OF ATTACK =,
1 IPEISe603Xe2Xs 1 THAERO ROLL ANGLE =+1PE15.6)
3260 FORMAT (1IN s4Xs6HPINF 241PE1S.6+3Xe17Xe6HOINF =
1 IPE1S5«693Xe13Xs6HSINF =91PE15,6)
3250 FO'MAT(1H +*PERFECT GAS (GAMMA 3%, ]PE15.64+%) %)
3260 FURMAT(1H +®REAL GAS (GAS NUMIER IS®,13.") ")
3270 FORMAT(1H0+32Xs%R E F E RE N C E QUANTTITTIE S
3280 FORMAT(]IH +*REFERENCE LENGTH IS#,]1PE15,6¢TX+*REFERENCE AREA IS+,
1 IPE1S.6¢TX9#20 [S%,]PEL1S.6)
3290 FORMAT({1HO+19Xs®A E R O D Y N

A M
1 - AT TARGETETD 2

1 ¢C COEFFICIENTS*
LOCATTIONSH"
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2Z=7+20

IF (IPCID .FQ. 1) GO TO 100

WRITE (6+3050) ZZ, (PB(M)sM=M1sM2)

FORMAT (1H +F9.3+15F8.3)

GO 10 125

DO 110 M=M1,.M2

PB(M)=(PB(M)=1,)/CONT]

WRITE (643065) ZZo(PB(M)yM=M]LsM2)

FORMAT (LH +F9,3+15F8.4)

IF (M1 ,GT., 1) GO TO 25

MCMXEMAXO (MC o MCMX)

wRITE(18) Z.FNcFYoFA.MxoMYoMZoFVZoFYZ0FAZoMXZoMYZ-MZZ
GO YO 25

Mlamle]lS $ IF (M1 .GT, MCMX) GO TO 250
MIP14xM1e14 § NPTS=0 § REWIND 16

GO 10 25

XK0z2.7/ (DINF*VINF#VINF®AREF) $ XK1=XKO/ZREF
ATTAR=ATTA®RAD $§ YAWR=YAW®RAD
ALPYSACOS(COS(YAHR)'COS(ATTAR))/RAD

PHICSXINOEF $ IF (ATTAJNE«O.) PHIC=ZATAN(=TAN(YAWR) /SIN(ATTAR) } /RAD

WRITE (6+3200)

WRITE (6+3210)

WRITE (6+3220) ACHsATTA,YAW

WRITE (6+3230) VINFsALPTSPHIC

WRITE (6+3240) PINF+DINFsSINF

IF (NGAS +LE. 0) WRITE (6+3250) GAMMA

IF (NGAS +GT. 0) WRITE (693260) NGAS
WRITE (6+3270)

WRITE (6+3280) ZREFAREF+Z0

WRITE (6+3290)

WRITE (6+3300) ZC

WRITE (6+3320)

IF (NTARGET .EQ. 0) GO TO 265

DO 260 ITARGET=1oNTARGET

IF (TARGETZ(ITARGET) .GE. Z) GO TO 262
CONTINUE

GO 70 265

NTARGET=ITARGET=~1

IF (Z +GE. ZEND) GO TO 270
NTARGET=NTARGET+1 $ TARGETZ (NTARGET)=Z
NTARGET=NTARGET+1 S TARGETZ(NTARGET)=ZEND
11=2 $ 12=1 § ITARGET=]

REWIND 18

READ (18) lS(IZ)oFNS(I?)oFYS(IZ)'FAS(IZ)QMXS(IZivMYS(IZ)oNZS(IZl
12s=12 $ 12=11 $ I1=12S

READ (18) ZS(IZ).FNS(IZ);FYS(IZ)'FAS(IZ)9”XS(IZ)oHVS(lZl¢MZS(12)
IF (EQF (18)) 325.300

1F (ITARGET .GT. NTARGET) GO TO 275

IF (25(12) LT, TARGETZ(ITARGET)) GO To 27s
ZT=TARGETZ (ITARGET)

ITARGET=ITARGET+1
CONT1=(2T=-2S (1)) /(2S(12)~2S(I1))
FN=FNS(I1) ¢ (FNS(I2)=FNS(I1))®CONT1
FY=FYS(I1)*(FYS(I2)=FYS(I1))®CONT1
FA=FAS(I1) ¢ (FAS(I2)=FAS(11))4CONTI
MX=MXS(T1) * (MXS(12)=MXS(I1))*CONTI
MYZMYS(T1) ¢ (MYS{I2)=MYS(I1))*CONTL

202
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3300 FORMAT(1IH +9Xs1SXs18HFORCE COEFFICIENTS,12X,
1 2X 9 29HMOMENT COEFFICIENTS ABOUT Z =41PF15,697Xs
2 19HCENTERS OF PRESSURE)
3320 FORMAT (1H ¢S5Xe4HZ+Z0s10Xe2HCNo3IXs10Xe2HCA3X 910X 92HCY 93Xy
1 X e IHCMN 4 IX 49X 9 IHCMM 4 IX 99X 9 IHCML 9 IX 94 BX o4 HXCPP 93X 98Xy 4HXCPY)
3330 FORMAT(1H +F9,341PBELS.S)
3340 FORMAT(1HO0+28X,#Z DERIVATIVES OF FORCE AND MOMENT COEFFICIENTSe)
3350 FORMAT(1H ¢5Xs0Z420% 99X s *CNZ® 913X e2CAZ® 913X s2CYZ#912X92CMN7®4]12Xy
1 SCMMZ P4 12Xy 0CMLZ®)
3360 FORMAT(1H +F9,.341P6EL16.5)
END
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SUBROUTINE SAVE (EX+ENRUN+RAPO)

SAVE PRINTS QUT THE FIELD DATA FOR THE LAST IERRPR STEPS,
IF THE PROGRAM BOMRS BECAUSE OF AN ERROR CONDITION.
ALSO THE wWaLL PRESSURESs FORCES ANN MOMENTS ARE PRINTED,

COMMON NC+MC oK ¢PINFeOINFoPHIOSINYAW,PI4RAD

COMMON YZ(3) «YPHI(3)+C(25)9CZ(25)sCPHI(25),4R(2N¢25)

COMMON D(20+25) 9P (20425)9U(20025) ¢V (20+25)+W(20+25)+A50(20425)
COMMON CUI(4420425) +CUP(4+20425)

LA END OF RLANK COMMON e

2s

40
So
75

COMMON /CSAVE/ 1ERRPR,MAS
COMMON /CBONY/ Z4BZZ+BPHPHI +BZPHTI+TANCO.OFLZ
1 oPHI(25) «R(25)+BZ(25) +BPMI(25) +COSPHI(25) s SINPHI (25)

DIMENSION EX(17)

ENDFILE 16

IF (IERRPR ,LE, 0) GO TO 75

DO 2S5 I=l+IERRPR

BACKSPACE 16

BACKSPACE 14

00 50 I=1+IERRPR

READ (16) NCsMCoATTASYAWIACHsGAMMASPINF 4DINFsPHIOWK2
A +NGASNTEST,RRX

1 oFNoFYoFA M MY MZoFNZoFYZoFAZoMXZ o MYZMZ2Z

2 o (PHI (M) oC (M) 9CZ(M) 4CPHI (M) ¢M=]14MC)

3 s (L IR(NOM) yU(NsM) o VINSM) aW{Np¥) 9P (NoM) 9D (NsM) ¢M3]14MC) ¢N=]4NC)
DO 40 M=]1sMAS

CALL BOODY (M)

CALL FIELD

CALL OuT

sTop

END

204
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SUBROUTINE TRANFD

TRANFD DEFINES QUANTITIES NEEDED BY SUBROUTINE
TRANF WHEN THE USER READS IN THE SF(Xe.YsZ) DATA POINTS

COMMON /CTRANF/ NSFDsSFD(20) +SFXD(20) sSFXXD(20)

READ (5,2000) (SFD(N)sN=]1sNSFOD)
FORMAT(5F10,0)

NSFNM1=NSFD-1

DX=1+/FLOAT (NSFDM1)

TWODX=],/(2,%DX) $ DXSQ=1./0X®#2

DO S50 N=2¢NSFOM1
SFXD(N)=(SFD(N¢1)=SFD(N=1))aTWOOX
SFXXD(N)={SFD(N+1)=2.9SFD(N)+SFD(N=1))eNXSQ

SFXXD IS ASSUMED LINEAR ON (0,+2DX) AND (1=20X.1)
SFXXD(1)=2.#SFXXD(2)~SFXXD(3)

SFXXD(NSFD) =2,#SFXXD (NSFOM1) =SFXXD (NSFD=2)
SFXD{1)aSFXD(2)~.5*DX* (SFXXD (1) +SFXxD(2))

SFXD (NSFD) =SFXD (NSFDM1) ¢, 580X * {SFXXD (NSFD) +SFXXD (NSFOM1))

WRITE (693300}

FORMAT (1H1 94 X9 ON® 1 SX o 8SF® 91 TX s #SFXR 916Xy ®SFXX#*)
DO 125 N=1s»NSFD

WRITE (6934000 NeSFD(N)9SFXD(N) 9SFXXD(N)

FORMAT (1H »15+1P4E20.6)

RETURN

END

205
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SUBROUTINE TRANGD TRANGD 2
C TRANGO 3
c TRANGD DEFINES QUANTITIES NEEDED RY SUBROUTINE TRANGD 4
c TRANG WHEN THE USER READS IN THE PHI VALUES TRANGD 5
o TRANGD 6
COMMON NC+MC oK 4P INF oOINFsPHIOs IDYAWSPI+RAD NEWCOM 1 \
COMMON YZ(3)4YPHI(3)9C(25)+CZ(25) sCPAL(25) +R{20+25) NEWCOM 2 j
COMMON D(20425) 4P (20925) sU(20925) 9V (20+25) +W(20+25)+ASQ(20,25) NEWCOM 3
COMMON CU(4420425) sCUP (4+20425) NEWCOM 4 ]
[ sne END OF ALANK COMMON ene CD3CSS 32 !
COMMON /CTRANG/ NSGDsSGD (25) »SGYD(25) »SGYYD (25) NEWCOM 6
1 «GYMDY +GYYMDY o GYIPDYGYY1IPDY CTRANG 3 i
2 +MCP NEWCOM 7 :
c TRANGD 9
READ (542000) (SGD(M) +M=1+NSGD) TRANGD 10
2000 FORMAT(5F10,0) TRANGD 11
NSGNDM1=NSGD=1 TRANGD 12
DY=]1./FLOAT (NSGDM1) TRANGD 13
TWODY=1.7(2.%0Y) $ DYSQ=l./DY®e?2 TRANGD 16
DO 25 M=1+NSGD TRANGD 15
25 SGD(M)3SGD (M) /SGD (NSGD) TRANGD 16
DO S0 M=2,NSGDM1 TRANGD 17
SGYD (M) =(SGN(M+1)=SGD (M=1)) *TWODY TRANGD 18
50 SGYYD(M)3(SGD(Me1)=2.2SGD (M) +SGD(M=1))*DYSNH TRANGD 19
IF (PHIO +LE. 2.*PI=1.E=6) GO TO 75 TRANGD 20
c TRANGD 21
' c NOTE THAT SGD(Y+1)=SGD(Y)+]l FOR NON=SYMMETRIC PROBLEM (PHIO=360) TRANGD 22
s c TRANGD 23
SGYD(1)=SGYD(NSGD)=(SGD(2) =SGD (NSGD=1) +14)*TWOOY TRANGOD 24
SGYYD(1)*SGYYD (NSGD)=2(SGD(2)=2.256GD (1) +SGN (NSGD=1)~1.)*DYSA TRANGD 25
GO TO 100 TRANGD 26
c TRANGOD 27
‘ c NOTE THaT FOR SYMMETRIC PROBLEM (PHID=180) TRANGD 28
. (o SGYYD IS ASSUMED LINEAR ON (=DY+2DY) AND (1-2DYe1+DY) TRANGD 29
¢ c TRANGD 30
75 SGYYD(1)=2,8SGYYD(2)~SGYYD(3) TRANGD K}
SGYYD (NSGD) =2,2SGYYD (NSGDM]) =SGYYD (NSGD=2) TRANGD 32
GYYMDY=2,%SGYYD (1) =SGYYD(2) TRANGD 33
GYY1PDY=2,9SGYYD(NSGD) =SGYYD (NSGDM1) TRANGD 34
SGYN(1)=SGYN(2) ~.5*DY# (SGYYD (1) +SGYYD(2)) TRANGD 35
SGYN(NSGD) =SGYD (NSGOML) ¢+, 58DY* (SGYYD (NSGD) +SGYYD (NSGOM1) ) TRANGD 36
GYMDY=SGYD (2)=2,#DY®SGYYD (1) TRANGD 37
GY1PDY=SGYD (NSGDOM1) +2,#DY*SGYYD (NSGD) TRANGO 38
100 WRITE (6¢3300) TRANGD 39
3300 FORMAT(1HL 14X s @M, IS #PHI®,18Xy0SGH,1TXs#SGY®,16Xs#SGYY®) TRANGD 40
w30 § WRITE (6,3350) M.GYMDY,GYYMDY TRANGD o1
3N 3350 FORMATI(IH +15440Xe1P3E20.6) TRANGD 42
PHIND=PHIO/RAD TRANGD 43
00 125 M=14NSGD TRANGD 44 .
: PHIM=SGD (M) *PHIOD TRANGD 45 ;
¢ 125 WRITE (6+3400) MePHIMSGD (M) ¢ SGYD (M) 4SGYYD (M) TRANGD 46
" 3400 FORMAT{1H +1591P4E2046) TRANGOD 7 i
‘ M=NSGD+1 S WRITE (6+3350) MeGY1PDY,GYY1POY TRANGD 48 !
* RETURN TRANGD 49
. END TRANGD 50
!
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SUBROUTTNE NMPSQRT (NAME oKNTZsKsMeNeVALUE) DMPSQRT
c DMPSQRT
c NAME IS THF NAME OF THE ROUTINE DMPSQRT
c KNT IS THE NUMBER FROM WHICH NAME WAS CALLED DMPSQRT
c 7 1S THE Z VALUE DMPSGRT
¢ K 1S THE STATION NO, QMPSQRT
c M IS THE PLANE NO. DMPSQRT
c N IS THE RaDIAL POINT NO. DMPSQAT
c VALUE 1S THE ARGUMENT OF SQRT R00T DMPSORT
c DMPSQRT
WRITE (6+3000) NAMESKNTVALUEsZeKeMyN DMPSQRT
3000 FORMAT(1Hls#IN ROUTINE ®+A109® AT CALL NO.®41342Xs DMPSQRT
I eNEGATIVF SART ROOT OF®+1PE15.6¢ OMPSQRT
2 ® FOR ZsXsMeN®,1PEL5.65315) OMPSQRT
CALL SAVE (DUM,DUMeDUM) OMPSQRT
sToe DMPSQRT
j END DMPSGRT
!
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